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Preface
*DE016659351*

At the beginning of the 21st century there are still more than two billion people in the world 
without access to electricity and basic energy services. “Energy poverty” impedes sustainable 
economic, social and environmental development of rural areas in developing countries. Large- 
scale diffusion of renewable energy technologies can help to overcome this situation. Major 
barriers are now beginning to be removed.

This volume is the result of an international symposium on ’Renewable Energies for the South’, 
held at the Science Park Gelsenkirchen, Gelsenkirchen/Germany. It took place on June 5-6, 
2000 with more than 200 participants from 27 countries. The conference aimed at enhancing 
the dialogue between the multiple groups and actors involved in the development, transfer and 
application of renewable energy technologies.

The following issues are covered in this book:

• technology needs and framework conditions in developing countries

• appropriate renewable energy technologies

• financing renewable energy investment

• capacity building and training programmes

We hope that this survey will help to step up worldwide efforts to move technology cooperation 
between North and South from strategy to reality.

Gelsenkirchen, Februaiy 2001 Wolfgang Jung and Heinz-Peter Schmitz-Borchert 
Science Park Gelsenkirchen/Germany
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Opening Session

The symposium was generously supported by the Ministry of Economic Affairs, Energy and 
Transport, Nordrhein-Westfalen/Germany. Additional sponsoring came from the German Minstry 
for Economic Cooperation and Development (BMZ), the Carl Duisberg Gesellschaft (CDG) and 
from Shell Solar Germany.
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Welcome Address

Oliver Wittke

Dear Dr. Miller,
Dear Mr Hennerkes,
Ladies and Gentlemen,

I am very pleased to be able to stand in 
front of such a distinguished international 
audience. Solar energy has brought you to 
Gelsenkirchen. The boom in this technology 
is a very young development for our city - only 
recently, Gelsenkirchen has become a loca­
tion for the production of advanced solar tech­
nology.

For many decades, Gelsenkirchen has 
been a city in which the production of en­
ergy is of great importance. The mining and 
processing of coal have been traditional local 
industry mainstays. Only a few weeks ago, 
the last mine was closed. With the produc­
tion of solar cells we have again established 
an important branch of energy production in 
our city. Today, we realise that a solar fac­
tory can be the basis for new jobs. Presum­
ably, some of you have experienced the same 
in your countries.

In the areas where the new technology 
is offered, designers are required who de­
velop houses with solar modules as heating 
systems. Tradespeople are required for the 
professional installation and maintenance of 
the systems. Consultants are needed who 
know how solar technology is used most ef­
ficiently. In Gelsenkirchen, there are training 
programmes for tradespeople and engineers. 
Those who are unemployed are trained for one 
year to become “solar technicians”.

In the field of technolgy production, there 
is great potential for Gelsenkirchen as well. 
The new solar cell factory of Shell Solar Ger­
many could be the core of all of this. The Vis­
itor Centre of the production site is an impor­
tant supplement, as here, laymen and experts 
alike are able to get information about this en­

vironmentally friendly technology.
In addition, in Gelsenkirchen a housing es­

tate was set up in which every house was 
equipped with solar collectors. This is the first 
one in the Ruhrgebiet and I am confident that 
many cities will copy our idea. You will visit 
this housing estate tomorrow afternoon. The 
school close to the solar housing estate was 
also equipped with a solar plant, as is the case 
for the Science Park, where we presently are. 
Plans are already underway for further hous­
ing estate projects.

Compared to the amount of buildings 
which are supplied with conventional power, 
this is not very much, but within the short 
period since solar energy has become of im­
portance to Gelsenkirchen, the number of 
projects is considerable. I am convinced that 
there is a large potential for solar projects 
which we must discover and open. How­
ever, we must always consider the interests of 
power providers already here. I am also con­
vinced that development towards solar energy 
will be made at a good pace.

From your schedule, I see that you have 
quite a considerable amount of work to do 
during your two-day stay in Gelsenkirchen. I 
hope that this conference will be of great ben­
efit to you and your home countries. I wish 
you all an interesting stay with many new in­
sights.

Oliver Wittke
Mayor of Gelsenkirchen
Ebertstr. 15
45875 Gelsenkirchen
Germany
Tel.: +49-209-167-2203 
Fax: +49-209-169-2885 
Web: http://www.gelsenkirchen.de
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North-Rhine Westphalia - A Partner for Clean 
Energy Strategies
Jorg Hennerkes

Introduction

Ladies and Gentlemen, before introducing North-Rhine Westphalia as a 
partner for clean energy strategies, I would like to welcome you and con­
vey the regards of prime minister Wolfgang Clement, and the minister 
for economic affairs, Ernst Schwanhold.

North-Rhine Westphalia’s steps towards 
sustainable development

Exactly 28 years ago, in June 1972, the 
first World Conference on the Environment in 
Stockholm paved the way for the establish­
ment of the United Nations Environment Pro­
gramme (UNEP). In the following two decades, 
the environment - together with poverty and 
development issues - gained more and more 
attention on national and international polit­
ical agendas, culminating in the 1992 United 
Nations Conference on Environment and De­
velopment (UNCED) in Rio de Janeiro. The 
conference concluded with the approval of 
“Agenda 21”, a global action plan based on the 
key principle of sustainable development. The 
“Earth Summit” sparked a still ongoing and 
often controversial debate on how to achieve 
global sustainable development. One of the 
major issues is the question of who has to act 
first.

In particular, the concept of a “common 
but differentiated responsibility”, which was 
included in the Rio documents, is subject to a 
variety of interpretations. Industrialised na­
tions tend to emphasise the need to get all 
countries - in both North and South - in­
volved from the outset, so that global envi­
ronmental goals can be achievable in the first 
place. On the other hand, developing coun­
tries point to the fact that the fifth of the world 
population living in industrialised countries is

responsible for four fifths of global resource 
consumption and environmental degradation. 
The North should thus start to build sustain­
able economies and societies at home, before 
putting additional pressure on the developing 
world.

Being aware of this conflict, the state gov­
ernment of North-Rhine Westphalia took early 
action and formulated guidelines for its devel­
opment policy in 1993, aiming at the imple­
mentation of the Rio agreements in general 
and “Agenda 21” in particular. Since then, 
the state government has consistently worked 
on integrating the idea of sustainable devel­
opment and global partnership into different 
fields of state policy; that is, development pol­
icy, international policy, and European policy. 
In the remainder of this paper, I am happy to 
present you with a selection of current and 
envisaged activities in these fields.

New strategies and policies

Development Policy
The state government has established its de­

velopment policy as a cross-sectoral activity. 
Chaired by the North-South Representative, 
an advisory board (“Eine-Welt-Beirat”) was 
founded in 1996 covering all issues related 
to sustainable development. The membership 
ranges from scientific institutions, business 
associations and trade unions to churches, 
media, and NGOs focusing on environmental
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and development issues.

Local Agenda 21
The state of North-Rhine Westphalia ex­

plicitly supports local Agenda 21 initia­
tives, specifically through “Agenda-Transfer”, 
a clearing mechanism targeted at sharing 
knowledge and learning from successful ex­
amples. One of the conclusions that can be 
drawn so far is that the local level appears 
to be perfectly suited to generate interest and 
active involvement in environmental and de­
velopment issues. Participation of multiple 
stakeholders in projects that tiy to integrate 
social, economic and environmental concerns 
is much easier to organise if problems are at 
hand and participants know each other.

Research and Education 
One key requisite of the transition towards 

sustainable development is a working knowl­
edge of current problems and possible solu­
tions. Due to the far-reaching nature of the 
goal, knowledge for sustainable development 
must be attained at all levels of government 
and in all sectors of society, down to the indi­
vidual level. The challenge affects school and 
university education, as well as scientific re­
search and training on the job.

The state government actively promotes 
the integration of the idea of sustainable 
development into (primary and secondary) 
school education. On the federal level, North- 
Rhine Westphalia contributed to a decision to 
put more emphasis on intercultural skills in 
the development of curricula. On the state 
level, the action plan “Environmental educa­
tion in schools - a contribution to the imple­
mentation of sustainable development” was 
set up. Along the same lines, the state gov­
ernment helped to launch the pilot project 
“Agenda 21 in schools”, which emphasises the 
interconnectedness of environment and devel­
opment.

North-Rhine Westphalia contributes to ca­
pacity building in developing countries by pro­
viding opportunities to study and research 
at the state’s colleges and universities. In 
1998/99 more than 27,000 registered stu­
dents were from developing countries. North- 
Rhine Westphalia has become a major hub for 
applied science in fields with specific signif­
icance for developing countries. This is an

important element of the general strategy to 
internationalise research and education pro­
grams and to contribute significantly to inter­
national scientific co-operation.

North-Rhine Westphalia - The Energy 
State
North-Rhine Westphalia is Europe’s most im­

portant energy region and the centre of Ger­
many’s energy industry. A significant share of 
the employment in the state’s industry sector 
depends on clean, safe and affordable energy 
supply and use. It is thus in our own best 
interest to develop, deploy and disseminate 
clean and efficient energy technologies. This 
not only helps to save and create employment, 
but also to reduce resource consumption and 
environmental degradation - in the region and 
world-wide. In this sense, rational use of en­
ergy and other resources in the North is im­
portant to create the “environmental space” 
for economic development in the South and 
for future generations. NRW offers excellent 
conditions for the development, production 
and marketing of renewable energy and en­
ergy efficiency technologies. This potential 
builds on scientific, technical and organisa­
tional know-how, combined with a compre­
hensive problem solving capacity.

We intend to further develop these skills 
and capacities, accepting the challenges re­
sulting from rapid globalisation of markets 
and accelerated structural changes in the 
economy. We will achieve this through a set of 
combined measures, aimed at strengthening 
economic performance and employment lev­
els.

NRW State Initiative on Future Energies
As an important institutional measure, a new 

strategic forum was created in 1996 with the 
launch of the “NRW State Initiative on Future 
Energies”. This initiative is a common effort of 
the three ministries for economy, science and 
construction. The initiative constitutes an of­
fer to industry, small and medium-sized busi­
nesses, science and research, consultancies 
and engineering companies to co-operate in 
the development, deployment and dissemina­
tion of clean and efficient energy technologies. 
This involves the growing use of renewable en­
ergy sources, the availability of decentralised 
technologies, the expansion of combined heat
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and power generation, and energy conserva­
tion technology. So far more than 3000 ex­
perts have joined the 15 issue-specific work­
ing groups of the initiative.

One group works on international eco­
nomic relations and offers support, particu­
larly to small and medium-sized businesses in 
their effort to enter foreign markets and find 
business partners abroad. In this context, the 
economics ministry financially supports par­
ticipation in international trade fairs, the or­
ganisation of workshops and conferences here 
and abroad, but also training programmes for 
experts from foreign countries. All this is 
aimed at creating a mutual understanding of 
specific needs and framework conditions, as 
well as appropriate solutions and fruitful co­
operation.

NRW REN Programme
Specific projects are promoted through the 

programme “Energy efficiency and the use of 
renewable energy sources" (NRW REN Pro­
gramme). Since 1988, when the programme 
was launched, more than 41,000 projects 
were realised with the help of grants and low- 
interest loans. The funding amounted to a to­
tal of 760 million DM, contributing to a total 
investment of more than 4 billion DM.

The NRW REN programme - Institutional Struc­
ture

Technologically outstanding projects were 
selected as “lead projects” of the programme:

• Europe’s biggest solar cell factory in 
Gelsenkirchen. Operating since Novem­
ber 1999, the production capacity will 
reach 25 MW when the factory is fully 
completed. The use of highly advanced 
production technology aims at cost re­
duction, which is necessary to make 
photovoltaics more feasible, particularly 
for countries and regions with limited fi­
nancing options. •

• The world’s largest building-integrated 
photovoltaic power plant at the Academy 
Mt. Cenis in Heme, a training institu­
tion of the state’s ministry of the inte­
rior. The 1 MW (megawatt) plant, to­
gether with an innovative battery-storage 
system and a cogeneration unit fuelled

by pit gas, is praised by engineers and 
architects world wide.

• The biogas plant in Herten, demonstrat­
ing the large-scale integrated processing 
of 18,000 tonnes of organic waste per 
year into methane and high-quality com­
post.

• The new wind test field in Grevenbroich 
with the world’s largest serial produced 
wind turbine with a capacity of 2.5 MW. 
The test field will help to assure and im­
prove the quality of wind turbines for in­
land areas.

These, and other examples I could list 
here, demonstrate that it is technically feasi­
ble and highly attractive to deploy the most 
advanced technology in the various fields 
mentioned. These kinds of projects are sup­
ported by the “technical development” and 
“demonstration projects” areas of the NRW 
REN programme. Market diffusion of new 
technologies is supported by the third pro­
gramme area of the REN programme through 
grants and low-interest loans for private in­
vestors and individuals. The combination 
of these three programme areas represents 
a unique support system for the develop­
ment, demonstration and distribution of effi­
cient and renewable energy technologies.

The various programme efforts have pro­
duced measurable success: Based on an anal­
ysis of the University of Munster, the turnover 
of NRW companies in the renewable energy 
and co-generation sector rose to 1.1 billion 
DM in 1998. At the same time the number 
of companies rose to 1120 and the number of 
employees to 3300.

On the national scale, NRW has the lead­
ing position in the use of photovoltaics, wind 
energy in inland areas and power generation 
from biomass. We are among the leaders in 
the use of solar thermal energy for water and 
room heating. Just recently, in April 2000, 
we launched the “fuel-cell competence net­
work” with the ambition to become an inter­
national leader in this extremely promising 
field of technology.

Complementing Measures 
The NRW REN programme offers more than 

just the financial and institutional support
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Clearing the legal and 
gunonol fromi?work

NRW State Initiative an Future Energies
Promotion of technical development

NRW Energy Agency
* Energy advice to. industry, local authorities
* Programme to encourage further vocational training
* "RAVct" programme

Broad-based

Wind

‘s Hydroelectric

Technologies and
efficiency

Funding of: Funding of:

Figure 1: The NRW REN Programme - Institutional Structure

described above. It also engages in the dis­
semination of information and the education 
of key parties. For that purpose, a whole set 
of additional institutions was created in the 
context of the programme: •

• The NRW Energy Agency offers free ini­
tial technical and economic advice par­
ticularly for small and medium-sized en­
terprises and local authorities. Further­
more, the agency promotes training mea­

sures for architects, engineers and work­
men as part of the REN sub programmes 
“Building and Energy” and “RAVEL” (ef­
ficient use of electricity);

• the NRW Consumer Centre offers advice 
for individuals and launches high-profile 
campaigns in order to mobilise the vast 
energy saving potential in private house­
holds;

Figure 2: Wind generation: installed capcity
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Figure 4: Photovoltaic Systems: installed capcity

• the Project Office “Energy, Technology 
and Sustainability” at the Research Cen­
tre Julich gives support to the state au-j 
thorities in implementing and reviewing 
the various projects within the REN pro­
gramme;

• the Working Group on Solar Energy (“AG 
Solar NRW”) co-ordinates state funding 
for research and development of renew­
able and efficient energy technologies;

• the Wuppertal Institut for Climate, Envi­
ronment and Energy is an international 
think tank offering scientific advice to 
multiple players world wide; •

• the clearing house for wind energy is re­
sponsible for all problems related to grid- 
access.

Conclusions ___— ------ "
~ The state government of North-Rhine West­
phalia is determined to initiate and support 
the processes necessary to achieve sustain­
able development - in North and South. We 
see ourselves not only as an important in­
dustrial region in the middle of Europe, but 
also as a responsible and reliable interna­
tional partner. So far, co-operation projects 
of the state government have focused on spe­
cific countries in South America, Asia, Africa 
and Eastern Europe. Beyond that, overseas 
projects of NRW development NGOs are ex­
plicitly welcomed and supported by the state 
government.

International interdependence will be even 
more important in the future. Important polit­
ical goals will become achievable only through
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Plant technology

Number 

of projects

Primary energy saving 

* GWh]
End-user energy factor 

Electricity = 2.883 
Moat - 1.112 

- Substitution method -

CO: reduction it compared to 

electricity mix (GEMIS):
1 MWh„i = 0.575 t C02 

for end-user energy, 
h»ot in accordance with mix 

(fuel oil, gas, district heat, 
electricity, coal, wood):

1 MWh.. = 0.290 1 CO-

1 Energy efficiency

Heat recovery plants 
including condensing boilers

7,243 3,391 883,534

Measurement & control systems 1,023 5,712 1,488,985

District heat exploitation 
and distribution

294 36,210 9,256,663

Subtotal 8.560 45,313 11,629,182

II Regenerative energy sources 
- plant technology

Bio-gas/iandfil! gas/ 

sewage gas systems
288 17,072 3,407,245

Hydroelectric power stations 133 2,941 586,500

Wind turbines 918 30,894 6.270,000

Solar cell installations 6,454 814 162,380

Solar collector installations 23,745 1,651 427,912

Heat pumps 1,364 364 63,180

Subtotal 32,902 53,736 10,917,217

Total 41,462 99,049 22,546,399

Figure 5: Funds and benefits allocated by REN

transnational or even global co-operation.
Human dignity, social justice, economic pros­
perity and equity, protection of the environ­
ment, the rule of law and democracy - all 
this cannot be achieved through isolated ac­
tivism, but only through co-ordinated action 
of all groups of the emerging global society. 
Accepting their special responsibilities formu­
lated in the documents of the Earth Summit, 
the industrial nations of the North have to 
engage actively in that process. North-Rhine 
Westphalia is doing so, and is determined to 
continue doing so. With this in mind, we will 
evaluate and further develop our policies and 
measures on a permanent basis. We are ready 
to take advantage of the opportunities offered 
by globalisation, and - at the same time - help 
to mitigate its negative effects.

This conference is an important contribu­
tion to that agenda. I wish you two inter­
esting days of worthwhile discussion here in 
Gelsenkirchen. Thank you.

Jorg Hennerkes 
Vice-Minister
Ministry of Economic Affairs, Energy and 
Transport
North-Rhine Westphalia, Germany 
Haroldstr. 4
40213 Dtisseldorf / Germany 
Tel.: +49-211-837-02 
Fax: +49-211-837-2200 
email: poststelle@mwmev.nrw.de 
Web: http://www.mwmev.nrw.de
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Clean Energy Technology Transfer - A 
Win-Win Strategy
Alan S. Miller

Introduction

It’s my great honor to participate in this extraordinary event in such 
a perfect location on World Environment Day. I am here on behalf of 
the Global Environment Facility, the leading international financier of 
renewable energy in developing countries.
It is instructive to be in North-Rhine Westphalia, the leading German 
state, and perhaps the single leading sub-national agency supporting re­
newable energy anywhere in the world. Coming from the United States, 
I’m accustomed to believing that the US has the best of everything. With 
respect to renewable energy, we view California as the leader. But after 
listening to the Undersecretary’s presentation, I will inform my Ameri­
can friends that they have much to learn from what is taking place in 
Germany. North-Rhine Westphalia is or may soon be the global leader 
and model.

Challenges faced, by renewable energy
Working in the field of energy, one is ac­

customed to the metaphor of a “level play­
ing field”, or of an “open market competition”. 
It has been said, since perhaps the first oil 
crisis, when governments began to take re­
newable energy seriously, that if only renew­
able energy could be put on the same basic 
economic status as other energy sources, it 
would be able to succeed.

Much of what we have learned and are still 
attempting to establish in the political process 
is that this metaphor or mental framework is 
really not correct. A level playing field implies 
that, like a horse race, society is indifferent 
to the winner. If you’re backing a particular 
horse, you care a lot, but society at large will 
take its tax revenue at the end of the day and 
won’t really care which horse wins. But we 
care a great deal about who wins the energy 
race, particularly from the standpoint of our 
global future. From the standpoint of the hu­
man race, renewable energy has to win. It’s

the only way we all have a future.
But for now, let me simply reiterate what 

all of us know, in such an expert audience and 
gathering, but sometimes don’t want to recall: 
what renewable energy remains up against. 
The challenges and barriers to establishing re­
newable energy as a significant, much less a 
primary source of global energy services, are 
great.

The worldwide energy system that exists 
today is the product of investments over more 
than a century, amounting to trillions of dol­
lars, which have produced among the most ef­
ficient, largest scale and most successful eco­
nomic enterprises in the history of the world. 
These are, of course, the major multi-national 
oil companies, the electric power companies, 
and broadly, the fossil fuel industrial system 
that exists.

While we talk about a market, these fuels 
constitute among the most regulated sectors 
of every economy, despite the ongoing pro­
cess of privatisation and increased competi­
tion taking place at a rapid rate in the indus­
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trialised world and in many developing coun­
tries. The system is the legacy of subsidies, 
which in the United States alone have been 
estimated well in excess of $100 billion. If 
one focuses on nuclear power as one example, 
the subsidy can be measured as a non-trivial 
percentage of every kW h. It is a sector that 
has been the subject of government interven­
tion and support in almost every conceivable 
form through tax policies, government man­
dates, research and development, and link­
ages to military and defense policy.

When the conventional energy system is 
disturbed, countries go to war. There are, to 
say the least, few higher basic priorities within 
the economic and political system. Our “mod­
est” objective is to radically change it. So it 
should not come as a surprise in the almost 
three decades since the first energy crisis that 
we have made modest progress, but that we 
still have a long way to go.

In that context, the provision of renew­
able energy sources to developing countries 
has, in the past five years, taken on an ex­
traordinarily higher level of political, techno­
logical, and economic significance. Renew­
able energy - this modest and still nascent set 
of technologies - is being viewed as a solu­
tion to climate change, as a strategy for al­
leviating global poverty, and as a means of 
spurring moribund economies in many devel­
oping countries. We have given a very small 
child some rather heroic adult objectives. Still 
maturing, and often early-stage, technologies 
are being asked to take on the objectives that 
very well-developed and mature technologies 
have been unable to accomplish. In that long 
- and likely to be lengthy - process, the Global 
Environment Facility is still a relatively mod­
est initiative, if the most significant yet, in at­
tempting to spur the role of renewable energy 
in the developing world.

Introduction to the GEF
Let me briefly give you what I sometimes 

refer to as “GEF 101”. Although I live it ev­
ery day, I’m constantly reminded that it is a 
system that is not well-known in most of the 
world.

The Global Environment Facility was first 
conceived of within the World Bank, prior to 
Rio in 1991, as a dedicated financial sys­
tem to support the developing country costs

of participation in global environmental agree­
ments. If one thinks back to 1991 and ’92 and 
the spirit of Rio, it was a time of remarkable 
political commitment and optimism, about 
bridging of North-South divides in a spirit of 
co-operation to address common global prob­
lems. Two major international conventions 
emerged from Rio. One addressed climate 
change, and the other biological diversity. In 
both of those agreements, the need for some 
fairness to developing countries was recog­
nised. Provision had to be made so that 
those countries would not incur a develop­
ment penalty in order to participate in those 
conventions. The notion was of a dedicated 
fund to pay the added or “incremental” costs 
of global benefits. Benefits would accrue to 
the world at large, rather than domestically to 
countries in return for their efforts. It was 
a concept first applied in the international 
agreement to protect the ozone layer, which 
created the first dedicated international envi­
ronmental fund in 1990 - a fund that contin­
ues separately from the GEF.

The donors, if rather nervously in some 
cases, agreed to the demand for such finan­
cial assistance. At the time, there were es­
timates that the adequate level of funding for 
this global agenda would require new commit­
ments and additional resources in excess of 
$100 billion per year - the figure published in 
Agenda 21. That level of resources, needless 
to say, was not forthcoming.

In the first period of the GEF pilot phase, 
the donor countries committed $1 billion for 
three years. This compromise was greeted 
with support, but with some reluctance, be­
cause at the time, the GEF was still part of the 
World Bank - an institution which is some­
times viewed with suspicion by its client coun­
tries.

Three years later, in 1994, a new, restruc­
tured GEF was realised which continues to­
day. The restructured GEF exists under a 
separate international legal agreement, with 
its own system of governance - a 32-country 
council, more or less evenly divided politically 
between donor and client countries. However, 
out of donor concern, the GEF is not a new in­
stitution. It provides funding, but it does not 
develop or implement projects.

Funding is provided through three primary 
implementing agencies: The World Bank, the
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UN Development Programme (UNDP), and the 
UN Environment Programme (UNEP). Every 
three or four years its budget must be re­
authorised, reflecting a continued evolution 
and political re-negotiation. At the current 
time, the second GEE under its restructured 
form is operating under a total budget of ap­
proximately $2,6 billion for four years.

Let me turn now to the subject of most 
obvious interest and relevance, as the basis 
for further discussion today. That is the GEE 
role in support of renewable energy, and the 
lessons we think we have learned, as we will 
no doubt hear many more focused and expert 
opinions over the course of the day from this 
very impressive, internationally diverse group 
of speakers.

GEF and renewable energy
Renewable energy is, by some measures, the 

largest single commitment within the GEE, re­
membering that our activities encompass bio­
logical diversity and some elements of inter­
national marine protection. Including the pi­
lot phase within the World Bank - that is, go­
ing back to 1991 - the GEE has made com­
mitments of over $500 million for almost 50 
projects in about 30 countries. The total 
project investment - private and bilateral - in­
volved in these projects now exceeds almost 
$3 billion US. Thus, the GEF commitment 
represents about a fourth of all of our activi­
ties. This, mind you, is only our specifically 
renewable energy related activity. Energy 
efficiency and other climate-related projects 
would roughly double this amount, so the 
total GEF commitment for climate change 
projects has been on the order of roughly $1 
billion, to date.

This funding has been provided through 
two basic strategies that frame everything we 
do. The first is removing barriers for com­
mercial or near-commercial renewable en­
ergy technology. A typical example would be 
small solar household systems in rural areas, 
which, on a life-cycle basis, provide energy 
services at roughly the same cost as kerosene, 
car batteries, and other lower quality fuels 
being used in areas not served by electric­
ity - areas where 2 billion people worldwide 
are not connected to an electricity grid. The 
other basic strategy is cost reduction and 
risk-sharing. These projects address promis­

ing but still costly technologies or applica­
tions of technologies. Examples would in­
clude biomass gasification and solar thermal 
powerplants. For example, a project we are 
doing in Brazil seeks to gasify “bagasse” as 
a fuel for power generation. Or, more re­
cently still, we funded a project using photo- 
voltaics at water-limited hydro sites, thus al­
lowing the use of photovoltaics in a reliable, 
grid-connected form. It is a concept that is 
not yet competitive, but with modest further 
cost reductions, we believe can be.

As yet, unfortunately, a still small number 
of these 45 or so projects have actually been 
completed. One of the frustrating realities of 
the international system - I hope it’s not as 
true of North Rhein Westfalia - is how long 
it takes to get projects approved and imple­
mented, often on the order of at least three 
years and sometimes in excess of five. This is 
a standard that is clearly not consistent with 
most private commercial activity.

Nevertheless, from the context of those 
that have been completed and those that are 
in an advanced state, we have already learned 
quite a lot. We are attempting to learn from 
these lessons and incorporate them as we 
move forward. Let me summarise the five 
lessons that I would say are most relevant 
to the discussion today, and as a basis for 
contrasting and comparing with some of the 
national experiences that I know will be ad­
dressed over the course of this morning.

• Although much of the debate about re­
newable energy technologies focuses on 
their cost and performance, in the field, 
the technical performance of these units 
has been almost uniformly excellent.

They have done what they have been asked 
to do. We have seen no rash of failures or 
difficulties in providing maintenance. Indeed, 
almost consistently, they meet or exceed all 
the performance expectations. This is despite 
a wide variety of international sources for the 
supply of these systems - some manufactured 
locally, some provided by companies in Ger­
many, the United States, and elsewhere.

However, in achieving this high level of per­
formance, a great deal of attention has been 
necessary to assure product quality. In al­
most every case, some long involvement has 
been necessary to establish standards and 
quality assurance at the national and local
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level. This is a process that is difficult to ac­
celerate. People have to be trained, standards 
have to be addressed to local conditions, and 
ultimately, if you bypass these steps, you will 
pay a price. We certainly are aware of many 
previous bilateral projects that have produced 
technically unsuccessful solar energy and re­
newable energy systems.

• Overwhelmingly, the single greatest need 
that our projects are asked to address is 
financing, and more specifically, the ab­
sence of rural credit.

In a meeting at the World Bank last year, 
one of the small solar companies active in the 
Caribbean described waking up that morning 
to a commercial on television, telling him that 
he could walk into a car dealership, fill out 
a one-page form, put no money down, and 
drive away in a $25,000 vehicle. In contrast, 
the reality for most of the world, and certainly 
for the 2 billion people without electricity, is 
that if you want a $500 piece of renewable en­
ergy equipment, you need $500. Borrowing 
that $500 is only possible at an extraordinar­
ily high rate of interest. That is an extremely 
challenging problem to overcome.

We have more than 20 different projects 
that try to address the rural credit issue in 
diverse ways, and there is no obvious right 
answer. We are working in Bangladesh with 
micro-credit systems that attempt to provide 
people at the local level with credit for en­
trepreneurial activity applications of renew­
able energy. We are providing credit guaran­
tees for solar businesses to be able to borrow 
from standard commercial banks.

We are already seeing that it is a risky 
business. The single largest rural renewable 
energy project approved by the GEF Council 
was to have been in Indonesia. It was to pro­
vide credit through rural banks to allow peo­
ple to borrow up to $500 for renewable energy 
systems. The problem was that, the Indone­
sian economy subsequently collapsed and de­
valued the local currency. Many of the ru­
ral banks went bankrupt. With the demise of 
those banks was the demise of the project - it 
had to be canceled. It is indicative that even 
the most carefully thought-out and designed 
project is ultimately dependent on the ade­
quacy, credibility, and continued existence of 
the commercial sector in the companies in 
which we seek to do business.

• In many of the countries that we have 
entered and worked in with the World 
Bank or regional banks, we have been 
told over and over again by multinational 
companies and local companies that our 
greatest contribution has not been the 
money that we put in. It has rather been 
the legitimacy, credibility, and impact on 
local governments that the entry, partic­
ularly of the World Bank, can provide.

This has been such a powerful effect that 
there are instances in which the specific 
objectives of a project have not yet been 
achieved, but the market for renewable en­
ergy has already taken off in advance of our 
investment. In a limited sense, one could al­
most say that the project failed, but the mar­
ket succeeded. Let me give you an example.

In Costa Rica, more than five years ago, 
the GEF committed to support wind energy. 
The project was to have been the first of its 
kind: an extremely promising wind site. It 
came despite the reluctance of the national 
utility company, which was not enthusiastic 
about the idea, and it required significant in­
vestment in wind resource assessment and 
data. As a consequence of the Bank presence 
and the discussions with the utility, a wind 
energy business has now taken off in Costa 
Rica, even though our specific investment has 
yet to be completed. There are several other 
instances of that phenomenon.

• Regulatoiy and policy issues are almost 
always important in our projects, partic­
ularly for those projects on a larger scale.

Some of our projects are as small as a 
village or an individual demonstration. But 
increasingly we are seeking to frame our 
projects more ambitiously as programs for 
sector reform and national, provincial, or 
state renewable energy development. To ac­
complish these more ambitious objectives, it 
is almost always necessary to engage the gov­
ernment in a dialogue about such issues as 
import duties, which can be as high as 100%, 
and power purchase agreements, which can 
make it impossible to install grid-connected 
technologies such as wind energy. As men­
tioned earlier, more careful negotiation over 
standards for quality assurance and train­
ing is also essential. To a great extent, this
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market conditioning has still not taken place. 
Without it, it is often impossible to promote 
market development on a large scale.

At a village scale, and at the level of the 
individual entrepreneur, it is impressive how 
much is being done despite these barriers. 
Many small businessmen in rural Kenya are 
successfully on their own - without interna­
tional subsidy and despite high tariffs - sell­
ing PV systems. But to frame a broad sector 
approach, it is impossible without addressing 
the sometimes extremely contentious political 
issues.

• We are seeking to undertake our projects 
in ways that can create successful con­
ditions for the private sector.

The scale of GEF financing and all interna­
tional public support for renewable energy will 
never be sufficient to create a lasting, sustain­
able, and rapidly growing renewable energy 
market. We increasingly believe that the most 
important thing that our limited funding can 
provide is a basis for risk-sharing that leads 
as quickly as possible to a recognition that re­
newable energy is a competitive source of en­
ergy services that is not dependent on sub­
sidies. Indeed, private companies have told 
us that if our projects are going to subsidise 
markets, they would in many cases rather we 
didn’t get involved at all. A market, once sub­
sidised, is extremely difficult to restore to a 
non-subsidised state. We are thus increas­
ingly seeking to use our funds in risk-sharing 
approaches - in contingent financing or guar­
antees, or to provide technical assistance to 
small and medium enterprises. I was pleased 
to hear similar strategies are being pursued 
by the state of North-Rhine Westphalia.

These are complex programs which we 
could discuss in greater depth over the course 
of the day, but I think the basic message is 
clear. Let me now very briefly attempt to note 
several of the directions that GEF is pursu­
ing, by looking ahead and attempting to learn 
from some of our experiences over the past 
five years.

GEF and the future
We are, as noted earlier, seeking to frame our 

support in larger, longer term, and more am­
bitious ways. In co-operation with the World

Bank, the GEF last year approved a new re­
newable energy partnership. It is a concept 
that will allow us to provide funding as a com­
bination of loans and grants totaling several 
hundreds of millions of dollars in a single ap­
proved Bank/GEF program. Such funding 
can be provided over a much longer term of 
ten years or longer, and it will be dispersed 
in branches; that is, perhaps, in three or four 
separate commitments of funding that allow 
adapting program design to on-the-ground ex­
perience, rather than assuming that the entire 
financial commitment has to be approved at 
one time at the outset of a project (more typ­
ical of World Bank practice). Such renewable 
energy programs will be sectoral, framed in 
a partnership with client countries, and they 
will define performance goals that may, for ex­
ample, include percentage of electricity to be 
provided from renewable energy technologies.

The first such design was approved in a 
project with Uganda in May, and we hope 
some time next year to have a renewable 
energy partnership with the Government of 
China that would be the single largest GEF 
project ever put forward.

Secondly, in order to accomplish our ob­
jectives, we think we need a wider range of 
partners. It is a recognition that as large and 
accomplished as the World Bank, UNDP, and 
UNEP may be, they are simply inadequate 
to the task. We have already received politi­
cal approval to expand our relationship with 
the regional development banks, and the Asia 
Development Bank in particular has already 
stepped forward with several renewable en­
ergy projects. We expect many more. We hope 
over time that the other major regional banks 
will provide a similar level of commitment.

A final point on directions is that we see 
an extremely pressing need to engage in a 
much closer dialogue with recipient countries. 
The original vision of the GEF was that we 
would operate at a level removed from our 
client countries. The GEF process would ex­
ist through its implementing agencies: the 
Bank and the UN. But increasingly, that nar­
row channel has not been sufficient. We have 
recently begun conducting week-long work­
shops in roughly sixty-five countries, starting 
with South Africa and Vietnam and continu­
ing worldwide over the next two years.
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Conclusion
I started my remarks with a note of pes­

simism, in recognising the challenge that re­
newable energy is up against. Let me close in 
a more optimistic way. It is simply my per­
sonal view, and not an institutional one.

Renewable energy technologies are consis­
tent with, and inevitably are going to respond 
to where the world is going. It is renewable 
energy technologies uniquely that can meet 
global needs, trends, and capabilities. This 
is so because they are decentralised and can 
be tailored to local needs and circumstances, 
because they are based on the most sophis­
ticated technologies and manufacturing pro­
cesses. At the same time, they need depend 
on limited materials, imports, or specialised 
expertise at a local level. Finally, it is so 
because they anticipate the growing demand 
for environmental quality and respond to the 
increasing evidence that air pollution is an 
extraordinary public health hazard at levels 
much lower than had been previously under­

stood.
What we do in the next five years will mat­

ter a great deal, I believe, in how rapidly re­
newable energy is adopted and penetrates into 
the developing country markets. It will hap­
pen, but it may take much longer, and it 
may reach the poorest parts of the develop­
ing world particularly much more slowly if we 
are not up to this challenge. The GEF is only a 
small contributor, and I look forward to hear­
ing your comments and observations about 
how we can do our job and help you in doing 
yours much better.

Thank you very much.

Alan Miller
Team Leader Climate Change 
Global Environment Facility - GEF 
1818 H Street, N.W. ,
Washington D.C. 20433 
AmilIer2@worldbank.org
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Rural Electrification in Remote Areas of 
China- The Brightness Programme
Ma Shenghong

Introduction

For the last three years China had a very large project for rural electrifi­
cation. As such, the figures for each province are changing. Also, some 
of the provinces in the eastern part, which are mountainous areas, the 
local government has a policy of brining people down to better places, 
where electrification is happening, so these figures are changing. Hope­
fully, in two or three months, we will have detailed figures from each of 
the projects.

Electrification in rural China
In Mongolia now there are still thousands 

of villages, with over 300,000 families that 
aren’t electrified. In the Xinjiang and Gansu 
provinces, and in Qinghai among others there 
are also huge numbers of households which 
aren’t electrified. Fortunately, in those re­
gions wind and solar resources are relatively 
good. Logically, the most feasible way to elec­
trify those households is by using wind and 
solar resources.

In the many grasslands, the situation is a 
different problem. We have people living in 
the villages. But, many herdsmen can’t con­
centrate in a village, so they have to live fur­
ther out. The distance between families is the 
dominating factor. Certainly, this makes it 
more difficult to electrify those people by grid.

People using the wind and solar energy 
is a good solution. Since 1990, we have 
worked with the help of the German govern­
ment on a co-operation project in inner Mon­
golia. This project started with resource as­
sessment, joint development of the system, 
and a major demonstration in Inner Mongo­
lia. We have installed intelligent wind/diesel 
power, as well as wind/diesel/battery village 
power systems, and PV/battery/diesel sys­
tems. We have also installed many wind 
and wind/PV hybrid systems. The oldest

wind/diesel/battery system was installed in 
1994. It is still working in a very satisfactory 
way.

We have installed 26 village systems, and 
hundreds of home systems. Those systems 
have been running for five to six years, in a 
very good way. People appreciate them.

Hardware used in Inner Mongolia
A typical wind/diesel/battery system con­

sists of two sets of 5 kW machines, from North 
Rhein Westfalia, from the Venus company. 
The backup charges the batteries so that with 
the inverter, the isolated grid can get a con­
tinuous power supply. Wind towers can be as 
high as 19 m high tower, with a diameter of 6 
m. This charging controller has its distribu­
tion box locally manufactured.

The battery bank has 48 pieces. The ca­
pacity, depending on the size of the village, is 
800 A h to 1400 A h. In village systems, the 
inverter has a master and two slaves, so it can 
run three phase 380 V power, and drive mo­
tors for production.

We have also developed the hybrid sys­
tems, which are unique in Mongolia, and 
in China. In Inner Mongolia, unlike other 
provinces in inland China, the wind in sum­
mertime is not very strong. But, people still 
need power. For this, we developed a very pop­
ular wind/PV hybrid system. It uses a locally
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made 300 W wind charger with 100 or 150 
W PV modules, depending on wind conditions 
and the load situation. Normally, these sys­
tems can drive a deep freezer, a colour TV, sev­
eral light bulbs, and a washing machine. Peo­
ple like these systems very much. Such sys­
tems in China today cost about 13.000 Yuan. 
In Inner Mongolia now, most people wish to 
have such a system; it is a very good combi­
nation for local conditions.

Evaluation of the system
If energy consumption is higher using wind, 

compared with other options for energy sys­
tems, such as diesel or grid connection, we 
know wind energy is good. If we supply the 
village with continuous 24 hour supply, wind 
always has better economical features. If the 
distance to the grid is less than 15 to 20 km, 
we have to consider whether to use the grid 
instead of a renewable energy system.

For off-grid systems, if the wind is good, 
then the wind is normally the best solution, 
then PV, then hybrid, then diesel. This is why 
many people are asking for and looking for 
such systems.

The technical viability is convincing. The 
Chinese government will sponsor the so- 
called “Brightness” program. It is a program 
to supply 23 million people in remote areas 
with electricity using wind and PV technology 
by the year 2010. One hundred watts of power 
per capita is to be installed, which is one third 
of the average power consumption of people 
in that area. Meanwhile, frontier stations, re­
lay stations, rural service stations, oil pipeline 
maintenance stations, and remote rail signal 
stations will also be supplied.

Plans for the Brightness program
The Brightness program will be implemented 

in different phases. First, supply power to 
about 8 million people, 2.000 villages, 100 
border stations, and 100 microwave stations 
for whom it is not practical to extend the grid. 
In addition, the first phase is necessary to es­
tablish a solid foundation for further develop­
ment of the program. The Brightness program 
is probably the first program on a national 
level. In Inner Mongolia and China that wind 
chargers and solar systems have been devel­
oped for many years, but these programs were 
on a provincial level.

Results of the first phase of the program 
will be

• About 1.7 million home systems, and 
2000 village systems, and 200 station 
systems installed.

• The financing channel of the central and 
local governments will be involved, and 
a realistic financing mechanism estab­
lished and working.

• A systems supply industry to provide the 
necessary hardware in high quality, at 
reasonable prices will be set up.

• A complete and effective service and dis­
tribution network, with marketing mar­
keting mechanics established.

• A technical training system for different 
levels of training installed to train local 
technicians and engineers.

I will explain why these results must be 
reached in the following pages.

We focused on five provinces first: Inner 
Mongolia, Tibet, Gansu, Xinjiang, and Qing- 
hai. There are 6.5 million households to be 
considered. Fortunately, these provinces have 
very good wind and solar resources. It has 
been proven with many years of practice that 
it is feasible to supply power using wind and 
PV technology. In recent years several demon­
strations have shown success, so local people 
appreciate that such solutions are practical.

The Brightness program will organize a 
large-scale project. We want to reduce the 
costs for production and of distribution, so 
people will be able to buy wind and PV sys­
tems. Certainly in doing so, service charges 
will also be reduced.

Barriers to the Brightness program
There are still some barriers to the Bright­

ness program.

• Capital investment costs of wind and PV 
systems are still high. It is difficult for 
most of the users to pay all at once.

e Proper quality testing and certification 
programs to ensure proper hardware 
and installation is not in place.

• Sales and service are not regulated.
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• The reliability of the systems are not as­
sured.

• System suppliers are too far away from 
the end users.

• Sales costs are too high, people are re­
luctant to give the final payment, and 
orders are too small, and the market is 
unstable as a result.

• Difficult to reduce production costs.

• Industry is reluctant to invest to develop 
new technologies.

• Technical level of the users is relatively 
low. They do not know how to prop­
erly use and maintain the systems, and 
sometimes cause problems and damage 
the systems.

• Many users in remote areas are used to 
relying on government subsidies. They 
are not yet familiar with the market 
economy. It is necessary to actively de­
velop a project of income generation us­
ing wind and PV technology.

Goals of the Brightness program
We picked a measure for our project design.

• To create and apply credit, leasing or 
barter trade method, in accordance with 
the users situation.

• To strengthen foreign co-operation to get 
outside support, such as that of the GEF.

• To establish a system quality test and 
evaluation center for certification. This 
is going to be installed in the Institute 
of Electrical Engineering at the China 
Academy of Sciences, invested in and 
supported by the SDPC. All the systems 
used for the Brightness program must be 
tested and certified. •

• The project Prioritor shall build up a 
complete dissemination of events, and 
provide a satisfactory sales and service. 
This will solve the remoteness problem 
of manufacturing and convince the end 
user with regards to quality and main­
tenance, as well as dramatically reduce 
sales costs.

• Effective training in different levels, to 
increase awareness in the end user.

• Agreed markets are going to be formed 
by the Brightness program. The quali­
fying industrial enterprises will get large 
orders, thereby dramatically reducing 
the price. Meanwhile, SDPC plans to 
support the qualified industries to raise 
their technical level and production ca­
pacity.

• To develop and install various payment 
methods, such as credit, to match with 
other market mechanisms. Unreason­
able subsidy policies shall be canceled.

• To support income generation projects 
using wind and PV technologies.

The Brightness program has already 
started, with the pilot phase in three 
provinces. The pilot phase will take place this 
year and next; two years total. Five thousand 
hybrid systems will be installed in Inner Mon­
golia. Each will have a 300 W wind generator. 
3.500 will have a 100 W PV generator in the 
hybrid combination. The remaining 1.500 will 
use a 150 W PV generator. This will be con­
centrated in three Banners, or counties, in In­
ner Mongolia.

The follow-up to the pilot phase will involve 
installing 10.000 home systems and 100 vil­
lage systems.

Electrification in other provinces
In Gansu, the total capacity installed will be 

PV, as the wind isn’t good for power genera­
tion. 320 kW PV is planned to be installed 
over two years.

Tibet certainly has special conditions. 
There, they will concentrate more on village 
systems. Each system will be 5 to 7 kW, and 
the total installation will be 50 to 60 kW.

For the pilot phase, we hope to install a 
complete distribution network, and training 
program, and also offer the industry better 
market scales, and also to get experience from 
these pilot projects, particularly how to fi­
nance them, focusing on installing a credit 
system so people can pay for systems over 
three to five years.
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Conclusion
Already, there are seven intended suppliers, 

providing samples for testing in Inner Mongo­
lia in the field. I’d like to express our thanks 
to the North Western Government, which has 
supported the feasibility study in Inner Mon­
golia, for the many industrial co-operations it 
has enhanced.

Prof. Ma Shenghong
Chief Consultant for Renewable Energies of 
SDPC
(State Development & Planning Commission) 
Beijing Jikedian Renewable Energy 
Development Center, Beijing/China 
P.O. Box 2703 
Beijing, 100080 China 
msh@mail.iee.ac.cn
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Annex

Pilot Project
It is necessary to carry out a pilot project 

prior to other projects of the program due to 
the complicated situation. Special attention 
shall be paid to the implementing mechanism 
and the monitoring system during the pilot 
project. The experience shall be very valuable 
to “Brightness Program”.

The pilot project is designed as follows: 
Objective of the Proposed Project:
To Develop a Project Execution Mechanism 

and Monitoring System
Results of the pilot project will be:

1. An effective quality guarantee system is 
developed and installed

2. Scenario for setting up distribution net 
and regulations are developed

3. Financial scheme of B.P. is developed 
and applied

4. Monitoring System of B.P. is developed 
and installed

5. Training System of B.P. is developed and 
installed

6. Other appliances powered by RE system 
are introduced to the users

The pilot projects started in March , 2000, it 
is planed to complete the projects by June, 
2002. The planed installation is detailed in 
table 4
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Area Province Village not 
Electrified

Households 
not Electri­
fied

Village Sys­
tems

Home Sys­
tems

Gansu 1,946 696,718 120 150,000
Qinghai 774 100,000 50 15,000
Inner Mon­
golia

1,383 535,608 120 100,000

Tibet 7,446 454,200 100 80,000
Xinjiang 1,732 300,416 120 100,000
Other
Provinces

Northern
China

911 176,865 170 80,000

Hebei 245 12,286 50 30,000
Shanxi 666 164,579 120 50,000

Northeast
China

687 28,358 180 30,000

Liaoning 155 7,774 80 10,000
Jilin 0 0 0 0
Heilongjiang 532 37732 100 10,000

Eastern
China

11,560 756,122 400 400,000

Shandong 0 0
Jiangsu 0 0
Zhejiang 285 17,122 100 30000
Anhui 6,600 398,000 150 100,000
Fujian 1,100 55,000 100 50,000
Jiangxi 3,575 286,000 50 100,000

Middle &
Southern
China

35,103 2,102,523 360 510,000

Henan 5,300 320,000 60 60,000
Hubei 1,900 168,923 60 90,000
Hunan 19,500 1,170,000 60 100,000
Guangdong 2,333 140,000 100 70,000
Hainan 6,070 303,578 60 80000

Southwest
China

53,410 3,174,325 280 210,000

Sichuan 19,670 1,170,000 60 50,000
Chongqing 3,160 190,000 20 30,000
Guizhou 3,280 164,325 50 30,000
Yunnan 20,000 1,200,000 60 100,000
Guangxi 7,300 440,000 90 100,000

Northwest
China

2,237 566,451 100 105,000

Ningxia 1,090 54,501 20 5,000
Shanxi 8,530 511,950 80 100,000

TOTAL 124,572 8,891,586 2,000 1,780,000

Table 1: Preliminary Plan for the First Phase of the Brightness Program

21



Ma: Rural Electrification in China

Investment Total Payment of Local Grants Central Foreign
for Users Grants Grants

Money
MY

% Money
MY

% Money
MY

% Money
MY

%

Distribution/ 
service net

’ 124 74 59.7% 20 16.1% 30 24.2

High Con­
sumption 
HS(20%)

4,545 4,294 94.5% 136.35 3.0% 0 0% 115 3%

Middle 
Consump­
tion HS
(45%)

3,520 3,176 90.2% 176 5.0% 52.8 1.5% 115 3%

Low Con- 894 681 76.1% 71.52 8.0% 26.82 3% 115 13%
sumption
HS (35%)
Village Sys­
tem

890 475 53.4% 200 22.5% 90 10% 125 14%

Station
System

32 9 28.1% 8 25.0% 15 47% 0 0%

Total 10,005 8,635 86.3% 666 6.66% 205 2% 500 5%

Table 2: Projected investments

Component unit quantity unit price(T Yuan) Value(Mio. Yuan)
PV module KW 106,000 35 -38 4,000
Wind charger KW 240,000 10 - 16 3,000
Charging contro Her kVA 355,000 3.5 - 7.5 230
Inverter kVA 231,000 0.1 - 7 320
Battery mWh 2,200 650 - 70 0 1,500
Total 9,050

Table 3: Requirement and Value of the Main Components

Province Main systems Quantity In 2000
Inner Mongolia Hybrid home system 4000 500
Gansu Small PV home system 12500 4000
Tibet PV village system 8 4

Table 4: System Installation of the Pilot Projects
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Renewable Energy Strategies in India

N. Uttam Kumar Reddy

Introduction

The twenty-first century has dawned; with it the third millennium. This 
is indeed a significant milestone in human history and an occasion for 
all of us for reflection and change. The model of development followed 
so far has relied excessively on consumption of fossil fuels, and this 
has endangered the biodiversity and the ecology of the earth. On this 
World Environment Day, I think it’s our duty to resolve that we should 
leave the earth, if not in a better state that what we came into, then 
at least at the same state as we came in. It is against the backdrop of 
increasing environmental degradation where, around the world, there 
has been an increased emphasis on renewable energy. If the current 
interest in renewable energy products gets concretized, the twenty-first 
century can be expected to be as profoundly shaped by the move away 
from fossil fuels as the twentieth century was by the move towards them.

Renewable energy resources in India
Renewable energy, which appeared to be no 

more than a bright idea some hundred years 
ago, may remain the only solution one hun­
dred years later. The many positive signs in 
this direction all over the world, in developed 
and developing countries, there is an increas­
ing interest in renewable energy. Carbon-free 
technologies which do not rely on fossil fuels 
are evolving from a stage of experimental cu­
riosity to one of commercial esteem. All these 
developments are a good background. I will 
now present the renewable energy strategies 
in India.

India is generously endowed with renew­
able energy resources; solar, wind, biomass, 
and small hydro. These are widely dis­
tributed across the country, and can be uti­
lized through commercially viable technolo­
gies to generate power.

Increasing use of these sources will be in­
strumental in simultaneously achieving envi­
ronmental objectives. Renewable energy tech­
nologies fit well into a system that gives due

recognition to decentralization and local par­
ticipation.

India is the only country in the world 
to have an exclusive ministry for non- 
conventional resources. We have a focused 
approach to put renewable energy on the fast 
track. We are implementing what is probably 
one of the world’s largest programs on renew­
able energy, covering the entire spectrum of 
RE technologies.

Current energy use in India
In the objectives of the program are both sup­

plementation of power from fossil fuels, and 
to provide decentralized renewable systems in 
far-flung areas. The contribution of renewable 
energy to the total power-generating capacity 
in India is about 1600 MW. This is just 1,5%. 
Considering that the potential is over 100.000 
MW, the utilization has been marginal so far.

India’s energy development program has 
been put to sever pressure with the ever in­
creasing demand-supply gap and misman­
agement of resources, coupled with a non­
uniform growth curve. Fundamentally, there
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is an increase in demand for energy due to:

• rapid industrialization.

• growing population.

• constraints of financial resources for en­
hancing this infrastructure facility.

• limited resources of coal and fossil fuels.

• burden on foreign exchange due to in­
creasing imports.

The Indian energy policy now focuses on 
rapid development of all forms of energy, both 
conventional and non-conventional, promot­
ing energy conservation and efficient manage­
ment of demand, environmental conservation 
and sustainable development, development of 
decentralized systems based on renewable re­
sources, particularly for rural areas.

The total installed power generation capac­
ity in India is presently about 90.000 MW, and 
includes thermal, hydro, nuclear, and renew­
ables. However, there is a supply-demand gap 
of 8 to 10%, increasing to 18 to 20% during 
peak demand. This has been accentuated by 
centralization of power generation while vast 
areas of the rural segment are not connected 
to the grid for reliable quality power.

Scope of the Indian renewable energy mar­
ket

There is enormous potential for renewable 
energy in India. India is blessed with abun­
dant sunshine; almost the entire country re­
ceives about 300 days of sunshine. Solar 
energy is about 20 MW per km2. Available 
wind energy is about 45.000 MW in estab­
lished, identified sites. Small hydro is about 
10.000 MW. Similarly, we have huge poten­
tial in the areas of ocean thermal, sea-wave 
power, tidal power, bioenergy, draught ani­
mal power, energy from municipal solid waste, 
biogas plants, and wood fuel.

The economics of renewable energy in In­
dia are very interesting. Today, in India, the 
cost of generation using small hydro, wind, 
biomass, or biogas can compete with the cost 
of generation using fossil fuels. There is a 
very well-established policy framework and 
a favorable policy environment exists in In­
dia for development of renewable energy. In

the last 10 years, renewable energy technolo­
gies in India have been promoted through 
R&D, demonstration projects, dissemination 
projects, and supported by government sub­
sidies and other fiscal incentives, including:

• from the central government, the total 
income tax holiday for renewable energy 
power generation.

• accelerated depreciation.

• concessions on customs duty or no duty 
at all for some projects.

• capital subsidy at the national and state 
level.

• generation subsidies from the central 
government.

At the state government level, a very well- 
regulated framework exists where for renew­
able energy projects there is an energy buy­
back facility available, power wheeling is per­
mitted, power banking is permitted, and 
third-party sales are permitted. There are 
sales tax concessions, electricity tax exemp­
tion, and there is a capital subsidy on the total 
cost of project.

The framework for renewable energy 
projects is in place in India. There is a co­
ordinating agency at the national level, and at 
the state capital level. As stated, power wheel­
ing is permitted, power banking is permitted, 
and third-party sales are permitted. Essen­
tially what this means is that if you set up a 
renewable energy project in India, you can sell 
it to any other purchaser, not necessarily to 
the state utility. Similarly, if you want to buy 
back from the state utilities, this is permitted.

There is an annual escalation allowed in 
the purchase price by the state utility. There 
is a small percentage charge for water avail­
ability for small hydro projects, and there is a 
capital subsidy provided at the state level.

The national energy plan includes specific 
emphasis on renewable energy development, 
with a main motto of environmental benignity, 
and meeting decentralised energy needs. The 
government is also in the process of formu­
lating and enacting comprehensive renewable 
energy policy and legislation, which will dove­
tail the application and use of renewable en­
ergy with conventional energy in all applica­
tions.
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India has these cumulative achievements 
in various sectors of renewable energy.

• Wind power: 1080 MW, the fifth largest 
in the world.

• Small hydro: 210 MW.

• Biomass power: 222 MW.

In addition, power is generated from mu­
nicipal waste to energy production, solar wa­
ter heaters, solar cookers, and biogas plants.

Obstacles in the Indian renewable energy 
market

As in most developing countries, the main 
bottlenecks for further large-scale develop­
ment of renewable energy in India are

• distortions in the energy market

• east availability of conventional energy 
with established network arrangements

• stiff competition from subsidized con­
ventional energy

• universal applicability of conventional 
energy

• lack of mega-production facilities

• high capital investment

• marginal commercial viability

Like in other countries, the barriers are:

• lack of adequate marketing mechanisms

• small number of players in the industrial 
segment

• while we have made considerable 
progress in awareness, lack of aware­
ness is still a barrier

• lack of adequate capital at affordable 
cost

• limited access to financial resources and 
high cost of finance •

• lack of micro and retail financing

The market for renewable energy by grid 
power is well appreciated and well estab­
lished. If you set up any kind of renewable 
energy project in which you want to support 
the grid, there is a very well established regu­
lated framework. For the off-grid applications 
like solar power, there are four distinct market 
segments.

• The government market, or selling di­
rectly to the government.

• The government-driven market, where 
the government subsidizes the market, 
then sells the products in rural areas.

• The cash market, for off-the-shelf pur­
chases.

• Loan market, where the end user can 
pay over a period of 10 to 15 years.

The consumer market
There is a huge consumer market for good 

renewable energy devices in India. A recent 
study, conducted by a prestigious national in­
stitution, found the following:

• The rural market for solar devices is 
large, and growing fast.

• People are graduating from lower to 
higher income groups

• There has been a surge in the purchase 
of consumer products.

• The system of hire-purchase and loans 
for purchase is on the rise.

The size of the Indian market is roughly 1 
million households which are rich, and can 
afford any consumer deliverables, 30 million 
households in the next strata of consumer 
class, then 50 million. These opportuni­
ties can be tackled with innovative market­
ing models and reliable, user-friendly prod­
ucts with service facilities.

Manufacturing of renewable energy de­
vices

The annual turnover in the renewable en­
ergy industry in India has reached a level 
of roughly $600 million US. The government 
of India plays a catalytic role in establishing
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the manufacturing facilities for renewable en­
ergy. Investment in this sector is attractive 
and hassle-free. Renewable energy has been 
awarded “Priority Sector” status by the Bank 
of India.

Wind
There are about 15 companies manufactur­

ing different models of wind turbines, with ca­
pacities from 225 kW to 750 kW. The total do­
mestic capacity is 500 MW. The government 
of India estimates that the capacity can be ex­
panded up to 750 MW. There is a very good 
testing and certification facility established in 
India now.

India also exports wind turbines. This 
business is worth roughly $10 million each 
year.

PV Solar
There are a large number of firms manu­

facturing solar cells, modules, and systems. 
There are nine cell manufacturers, and a 24 
MW installed capacity. There are 23 mod­
ule manufacturers, with a capacity of 32 MW. 
There are 45 systems integrators, mostly in 
the small-scale sector. The production and 
consumption in the financial year ending 31 
March 2000 was 9.5 MW of solar cells, 11 MW 
of solar modules, and exports between 6 and 
7 MW of cells and modules. Total PV deploy­
ment has grown to slightly over 50 MW today.

Over thirty different types of applications 
have been developed. On the rural side, they 
include

• lighting

• water pumping

• water purification

• medical refrigeration

• telecommunications

On the industrial side, they include

• offshore oil platforms

• railway signals

• cathodic production

• battery charging

The solar PV utilization program is imple­
mented through the state-level departments, 
solar shops, and manufacturers associations. 
Under one particular scheme, subsidies are 
provided on lanterns, home lighting systems, 
street lights, and power plants.

Only 86% of villages in India are electrified. 
14% of the villages, which number roughly 
80.000, have not yet been electrified. What 
is most significant is that of those electrified, 
only 31% of the rural homes are connected to 
the grid. There is a vast demand for decen­
tralized PV solar home systems.

There are a large number of dispersed vil­
lages and hamlets in remote hilly and forest 
regions, islands, and desert areas. There is 
low power demand in such villages, and it 
is very difficult to connect these villages to a 
conventional grid. The government of India 
has recently started a program in which they 
are dropping grid electrification for 30.000 of 
these 80.000 homes, and choosing solar PV 
for electrification.

Solar PV is making inroads in all aspects of 
rural life. We have seen many common uses 
in rural India, such as small rural shops that 
use solar power to illuminate their business 
at night, bullock carts carrying produce which 
use solar lanterns to light their way, doctors 
operating with the help of solar lanterns, and 
solar-powered pumps helping farmers provide 
water for drip irrigation.

We have very well established test centers 
for the testing of solar cells, modules, and 
other components of PV systems. We have a 
solar energy center with the government of In­
dia where the testing of all types of PV and 
thermal devices is offered.

The grid connection of PV power is focused 
on two initial applications. The first is voltage 
support in rural grids. The other is peak de­
mand sharing and demand-side management 
in rooftop systems in urban areas. Seventeen 
projects of 1165 kW capacity have been com­
missioned. Eight projects of 500 kW capacity 
are in progress now.

There is a World-Bank assisted PV devel­
opment program of $42 million US. The fis­
cal and promotional incentives for solar pho- 
tovoltaics are

• concessional or nil import duty.
• 100% auxiliary deposition in the first 

year.
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• no excise duty or sales tax.

• soft loans for manufacturers of silicone 
and solar cells.

India imports about 80% of its require­
ments for silicone wafers. The government of 
India is willing to provide soft funding for a 
silicone wafer manufacturing facility in India 
now.

From the years 1997 to 2002, the govern­
ment has a target of 18 MW.

Other renewable energies 
There is a highly developed solar water heat­

ing industry in India, consisting of 43 manu­
facturers which are established and certified 
by the Indian Bureau of Standards.

In the biomass and sugar mill co­
generation, and small hydro sectors, there are 
also very good manufacturers. In these sec­
tors, India is now exporting boilers and tur­
bines to neighboring countries.

The potential for biomass energy gener­
ation is about 16.000 MW from available 
biomass, and about 3.500 MW from biogas.

There are about 4.000 sited identified as 
appropriate for small hydro power, and ready 
for commercialization. The total capacity is 
about 10.000 MW.

Another area growing rapidly in India is en­
ergy recovery from different wastes, both in 
the urban and industrial sectors. Since last 
year there has been rapid growth in this area, 
showing exponential growth for waste-based 
RE projects.

Foreign investment
Foreign investment in the solar sector is sub­

ject to automatic approval with foreign equity 
of up to 74%. For other renewable energy 
projects, foreign equity of up to 100% is al­
lowed. The total foreign investment approved 
is about $66 million in the manufacturing sec­
tor.

A recently conducted study has projected 
that with medium incentives and support by 
the government and other agencies, the in­
stalled renewable energy capacity in India can 
increase to around 16.000 MW by 2015. This 
would place renewable energies at about 8% 
of the total generating capacity. The major 
hindrance is that an investment of approxi­
mately $37 billion US is required. This pro­
vides an attractive opportunity for multilateral 
agencies, bilateral agencies, financial institu­
tions, and overseas investors to participate in 
the renewable energy movement in India.

N. Uttam Kumar REDDY
President, Solar Energy Manufacturers Asso­
ciation of India
Managing Director, Photon Energy Systems 
Ltd.
775-K. Road No. 45 
Jubilee Hills 
Hyderabad-33 
India
photonenergy@nettlinx. com
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Renewable Energy Strategies in the Mekong 
Region
Tien-Ake Tiyapongpattana

Introduction

j “In promotion of Renewable Energy, great success is rarely achieve alone, 
j The regional network blend individual strengths to gain collective achieve- j ment ”

/

/ Overview of the Mekong area
j The Mekong River winds through several 
j countries namely (South) China, Myanmar, 
/ Laos, Thailand, Cambodia and Vietnam. It 
j is clear that the entire region will need more 
| and more energy and today’s production can- 
\ not provide it.

—- Some countries have developed resources 
better as has the Yunnan province of China 
or Thailand, but other such as Cambodia and 
Lao have little energy infrastructure and lim­
ited electricity network.

For instance Cambodia imports all its 
petroleum products: 35% is used for elec­
tricity and 25% is used for water pumping. 
On the offshore resources, will be exploited 
only in a rather far future. Though a few big 
towns have centralized electricity, but it is not 
enough; there are more than 25,000 electric 
generator running on oil in Phnom Penh.

• Wood is the first energy source in Cam­
bodia (more than 8 million tons per year) 
it is much used in the form of char­
coal, even in towns (1 m3 for a 5 person- 
family). The rising demand creates a very 
harmful deforestation and atmospheric 
pollution.

• 550 biogas devices were installed in 
1995, it is not enough to make a differ­
ence in the energy balance.

• PV and wind generators are in very few 
numbers and for veiy low power, mostly 
only for demonstration.

• Hydro electricity for supplying big towns 
would be enough if exploited, but they 
have mostly been damaged or limited for 
further investment due to environmental 
impacts on biodiversity.

Definitely, decentralized energy by the large 
development and commercialization of renew­
able energy would be a good solution to help 
the country to go through a hard transition 
period and to develop faster, reducing the too 
rapid emigration of people to towns where in­
frastructure are not ready to welcome them.

Despite each government and concerned 
responsible agencies in each countries efforts 
to satisfy the growing energy demands by 
cooperation with private sector and interna­
tional development agencies, the objective re­
maining far from reality. The major barriers 
are political framework, the economic situa­
tion, and financials problems, availability and 
social acceptance of technology.

Actors and Strategies on Renewable En­
ergy in the Region
Since 1994 and 1995, the scientists and peo­

ple who work together on renewable energy in 
the region have tried to come up with the ideas 
of what they could do to help each other.

The Council on Renewable Energy in 
Mekong Region (CORE) was established in 
1996 as a kind of self-help process to promote 
applications of Renewable Energy Technology 
(RET) in the region. It is an informal network 
of persons and organizations working together
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Members (individuals/institutions) in the region

Figure 1: CORE Organizational Structure (1998-2000)

to contribute their informal capacities without 
representing their government. It is a non­
governmental and non-profit organization ad­
ministered under the Statutes of the Council, 
which is adopted by the Advisory Committee 
(see organizational structure on this page).

CORE members in the region believe 
that working together avoids reinventing the 
wheel. Moreover, integration of differences 
could make more progress towards higher 
achievements. CORE activities focus on four 
main aspects:

1. Institutional Development

• To enhance coordination among key 
partners at both regional and na­
tional levels,

• To strengthen capacity of the local 
experts.

2. Information and Awareness

• To exchange knowledge and experi­
ences among institutions,

• To raise awareness of the policy 
decision-makers and local commu­
nity regarding to RET applications. 3

3. Technology Development

• To support research and develop­
ment including transfer of RET.

4. Promotion of Commercialization

• To facilitate commercialization of 
RET in the region.

Since it was established, the regional net­
working is quite active, continuously moti­
vated, and gradually growth. Several inter­
mediate results achieved by co-efforts at na­
tional, regional and international levels, for 
instance.

1. Exchange events are regularly organized 
by rotation of host country within the re­
gion:

• Regional seminar on “Financing and 
Commercialization of Solar energy 
in Southeast Asia”, in Kunming, 
Yunnan Province, China (1996),

• International Seminar on “Sustain­
able Energy in the Mekong Region’, 
in Phitsanulok, Thailand (1996),

• Regional meeting on "organizational 
Development of CORE", Luangpra- 
bang, Lao (1997),
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• Regional Seminar on Institutional 
Cooperation for Solar Energy Pro­
motion in Mekong Reparian Coun­
tries" in Hanoi, Vietnam (1998),

• International Seminar on reduc­
ing Barriers for the Commercializa­
tion of Renewable Energy in the 
Mekong Region" in Bangkok, Thai­
land (2000).

2. Human resources development to qual­
ify local human resources with interna­
tional and regional experts:

• Established International M.Sc. 
Program on Renewable Energy at 
Naresuan University,

• Organize short training courses on 
both management and technical 
matters for local and regional ex­
perts.

3. Research, development and transfer of 
technology to develop and/or adapt RET 
to the region:

• Intra-regional co-operations (South- 
South) e.g. PV encapsulation,

• Inter-regional cooperation (North- 
South) e.g. bilateral cooperation 
programs.

This is not a success story but an on­
going process of how local and regional agen­
cies working together towards common goals. 
Problems and barriers are still remaining and 
challenging all concerned parties.

In order to enhance the regional network­
ing process, CORE members are pleased to

welcome all interested individuals or institu­
tions worldwide to share information, experi­
ences and resources to promote applications 
of renewable energy in the Mekong region.

Tien-ake Tiyapongpattana
CORE - Council on renewable Energy in the
Mekong Region Further
information:
CORE Secretariat Office
Solar Energy Research and Training Center
(SERT) Naresuan University
Phitsanulok 65000, Thailand
Tel: +66-55-261000
Fax: +66-55-261067
E-mail: sert@nu.ac.th
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Power Generation Plan of the State of 
Ceara/Brazil - Strategy for Renewable 
Energies
Adao Linhares Muniz

_Abstract
This work presents the basic political guide­

lines of the Government of the State of Ceara 
to meet the increasing power demand. This 
policy aims to make the State of Ceara self­
sufficient in power generation, in order to pro­
vide the infrastructure necessary for the eco­
nomic development of the State, and univer­
salize power supply to the population as a 
whole.

This work discusses the initial conditions 
of the state’s power dependency vis-a-vis the 
national electric power system and the cur­
rent context of the Brazilian power sector, 
which is currently undergoing a restructuring 
and liberalization process. Further points of 
discussion are

y i i • the state’s power matrix and the evolu- 
! tion of indicators derived from the eco­

nomic development policy carried out by
the State Government;r; *

i v ’ • the need of power self-sufficiency 
through the thermal generation by natu­
ral gas;

\ U • the assessment of renewable power 
sources - solar and wind power, small 

, hydroelectric plants and biomass;i t \ i 11
r/ j» the potential of large-scale power gener­

ation with renewable sources; and

| Q )• the decentralized generation using re­
newable sources - solar and wind power, 
small hydroelectric plants and biomass.

Introduction
The current economic development model 

is marked by ever increasing consumption 
of non-renewable energy sources and envi­
ronmental degradation. There is little doubt

about an urgent need to restructure our 
economies in a way that leads to less re­
source consumption and maintains eviron- 
mental goods for future generations. Against 
this background, the state government of 
Ceara has developed a plan for a sustainable 
use of renewable energy sources with the ul­
timate goal of enhancing the quality of life for 
today’s and for future generations.

Energy Policy for the State of Ceara
Ceara as part of the national power grid 

Ceara is located in north-eastern Brazil, with 
a land area of roughly 150,000 km2 and a 
coastline of 573 km length. The size of the 
population is about 7,000,000, 70% of which 
are living in urban and 30% in rural areas. 
Ceara’s population represents 15.2% of the 
population of the North-East and 4.3% of the 
national population.

In terms of power supply, Ceara largely 
depends on electricity from the large hydro­
power plants of the Northern regions and 
along the Sao Francisco river which is car­
ried through transmission lines over long dis­
tances to the North East. So far, this sys­
tem adequately served the electricity needs 
of the region. However, the rapidly grow­
ing electricity demand-caused by an increase 
in population and economic activity-together 
with the unpredictable effects of liberalized 
energy markets have led the state government 
of Ceara to conceive a new energy policy with 
a focus on security of supply.

Currently, the potential for additional hy­
dro power generation in the North East is 
very limited. A farther increase in demand 
will probably have to be met by transmission 
from other generating regions, with the effect 
of higher prices and an increased dependency 
on those regions. But there is also an envi­
ronmental dimension of the problem pushing 
us to rethink our energy mix, namely the large 
share of firewood in primary energy demand.
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Firewood is widely used to produce pottery 
and bread, a.o., contributing to the problem 
of inland desertification.

To reduce dependency on both, electricity 
imports from distant regions and unsustain­
able use of firewood, the state government-in 
accordance with the federal policy-set the goal 
of increasing the share of natural gas to 12% 
within 10 years.

Given the fact, that energy demand in 
Ceara is predicted to increase 5% p.a. for the 
next 20 years, it is clear that including natural 
gas into the energy mix is important but not 
sufficienct to mitigate the problems of fading 
energy security and environmental degrada­
tion. In addition, a local potential for energy 
production, based on renewable sources like 
solar, wind and biomass has to be developed.

Renewable Energy Sources in Ceara
The geographic location of Ceara at the 

north-eastern Atlantic coastline of Brazil and 
close to the equator entails excellent condi­
tions for electricity generation from solar and 
wind energy. Preliminary studies of COELCE 
(Companhia Energetica do Ceara), the local 
utility, show that using the wind energy along 
20% of Ceara’s 573km-coastline could yield 
10,400 GW h of electricity per year.

The conditions for electricity generation 
from solar energy are also very favourable. 7.3 
hours of sunshine yield 5.6 kW h/m2 of en­
ergy per day (both yearly average)-one of the 
highest numbers world wide. These condi­
tions prevail on a land area of 43000 km2, 
with typically low population density and low 
prices for land property.

The potential for energy from biomass 
is largely based on crop residues from the 
cashew and coconut industry. The cashew- 
nut industry alone produces more than 
10,000 tonnes of residues each year.

The potential of other renewable energy 
technologies in Ceara is limited but significant 
(see table 1).

Plan for the use of renewable energy 
sources in the state of Ceara

The state government promotes the in­
creased use of renewable energy sources 
through tax credits and additional support

(infrastructure, permissions etc.) for com­
panies active in the development, production 
and dissemination of renewable energy tech­
nologies. Furthermore, Ceara actively partic­
ipates in negotiations on the federal level un­
der auspices of the ministry of energy aimed 
at the development of guidelines for a sus­
tainable use of renewable energy sources. 
Reaching out beyond national borders, the 
state government of Ceara is currently en­
gaged in talks with the state of North-Rhine 
Westphalia, with the goal to reach a mutual 
agreement on industrial investment, trade 
and technology cooperation in the field of re­
newable energy. Stimulating partnerships be­
tween companies of the renewable energy sec­
tor of both states is an important goal of this 
initiative.

Wind Energy
Ceara is a pioneering region for wind en­

ergy in Brazil. So far, three commercial wind 
farms contribute to the electricity supply of 
the state. They are located at Mucuripe 
(1,2 MW, Coelce/Chesf 1997), Taiba (5 MW, 
Wobben/Enercon 1999) and Prainha (10 MW, 
Wobben/Enercon, 1999). Two additional large 
farms-30 MW each, to be installed at Paracur 
and Camocim-will be put out for tender in the 
near future.

The state government has set a target of 
1000 MW of wind energy capacity to be in­
stalled within 10 years. For that purpose, a 
cartographical analysis of wind conditions is 
underway and will be published this year. An 
in-depth investigation of potential technical 
problems caused by feeding electricity from 
wind turbines into the grid in large quanti­
ties was recently commissioned by the Sec­
retariat for Infrastructure (SEINFRA) together 
with CHESF, a utility based at Sao Francisco.

Solar Energy
The state of Ceara participates in a pro- 

gramm of the federal ministry for energy, 
which promotes the use of photovoltaic sys­
tems for water pumping, lighting, household 
electricity, schools and health stations in ru­
ral areas off the grid (Programa de DesenvoM- 
mento Energetico para Estados e Municipios - 
PRODEEM / Programm zur Energieentwick- 
lung fur Lander und Gemeinden).

With the help of the state government, the
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Source Generating capacity (GWh/a) Compared to current energy demand (in%)
Wind 10,400 192.3
Biomass 4,222 78.2
Small hydro 181 3.4
Total 14,803 273.9

Table 1: Potential of energy production from renewable sources in the state of Cear/Brazil 
(without solar energy)

Federal Ministry of Energy, the bank BNB 
(Banco do Nordeste), the Federal University of 
Ceara and the Institute for Sustainable De­
velopment and Renewable Energies (IDER), 
the following number of systems has been in­
stalled so far: 155 systems for water pumping, 
623 for household-electricity, 27 for schools, 
71 for street lighting, 14 for health-stations, 
132 for public telephones and 23 for food pro­
duction. The target of PRODEEM for the years 
2000 and 2001 are to install 527 systems for 
water pumping, 474 for schools, 32 for street 
lighting and 1000 for desalination,

Another federal activity in which Ceara ac­
tively participates is the programme on rural 
electrification “Luz no Campo” (Light in the 
Country). The Ministry of Energy set the goal 
to serve 95% of Ceara’s population with grid 
electricity until 2002. The remaining 5% of 
the population in very remote areas (20,000 
households) is planned to be served with pho­
tovoltaic systems.

To assess the exact demand, a study of 
the state government together with the Office 
for the Development of the North East (SU- 
DENE) is under way and planned to be fin­
ished by late 2000. The implementation of 
the programme could be an element of the 
above mentioned cooperation agreement be­
tween the states of Ceara and North-Rhine 
Westphalia. Within the same framework, 
Ceara intends to explore the potential for so­
lar thermal systems (using concentrating so­
lar collectors). State support will be available 
for feasibility-studies in this field of technol­
ogy.

Biomass
The states of Ceara and North-Rhine West­

phalia collaborate in the development of a pro­
gramme for the use of biomasse in Ceara. The 
initiative is based on partnerships between 
the private sectors of both states. The com­
pany DENARO (NRW) is coordinating the ef­

fort, which aims at the use of organic residues 
from industry, agriculture, households of the 
urban areas of Fortaleza and Sobral for the 
purpose of electricity production.

In the first phase of this project, waste of 
the city of Sobral (36,000 t p.a.) will be sepa­
rated, metals, plastics and glass will be recy­
cled and the organic fractions used to produce 
biogas, electricity and organic fertilizer. In a 
second phase the Fortaleza area (1,600,000 t 
p.a.) will be included.

“The best way to foresee the future 
is to create it.” - Peter Drucker, 
transl.

Adao Linhares Muniz
Secretariat for Infrastructure - SEINFRA
Government of the State of Ceara
Fortaleza/Brazil
Tel.: +5585 488-3609/-3611
adao.muniz@seinfra.ce.gor.br
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Renewable Energy Strategies for 
Ceara/Brazil
Armando Leite Mendes de Abreu

Introduction

Good morning ladies and gentlemen. My name is Armando Abreu. I 
come from Brazil, where I am the general director of a non-governmental 
institution, whose name is IDER. We’ve worked for over 10 years on 
renewable energies in all of Brazil, particularly in the State of Ceara, as 
well as other governments in the north-east.

Solar energy in Ceara
There are 623 solar home systems installed 

in Ceara. In addition, there are solar instal­
lations at 27 schools, 14 health centers, 155 
water pumping systems, among others. We 
don’t have the scale of China or India, be­
cause we are a small state with 7 million peo­
ple. Most of these projects came from state 
and federal programs, through the Ministry 
of Mines and Energy, the State of Ceara, the 
BNB, local utility COELCE, and IDER.

One of the most important projects for the 
future is a federal and state project named 
“Luz no Campo”. The goal of this project is 
to electrify 100% of the rural communities, 
and will run until the end of 2003. For a long 
time, the federal and state governments have 
understood that it is impossible to achieve 
100% electrification of rural areas using con­
ventional energy. Four years ago, they be­
gan to look at renewable energies as the ideal 
complement to conventional energy. We are 
preparing to implement this project over the 
next four to five years.

It’s important to talk about how we’ll ac­
tually implement this project. All the speak­
ers so far have spoken about sustainability, 
maintenance, and operation of a project, but 
once in the field it’s often a completely differ­
ent operation. Things are difficult to imple­
ment. We don’t have a miracle formula, every 
case and community are unique.

Four years ago, we were implementing 
small sustainable projects in Ceara. They 
have operated all this time in a sustainable 
fashion, using only local maintenance and 
technical assistance. We also implemented 
revolving funds over this time; people have 
remained willing to pay throughout. Based 
on the experience from these projects, we are 
now trying to implement the “Luz no Campo” 
program.

Field Methodology
A small summary of the methodology we’re 

using is important. We’re not concerned with 
the technology, we know it works. Sometimes 
there are issues with getting a financial insti­
tution to finance the projects. However, the 
most important problem is how to actually do 
it in the field; not a test of equipment or pilot 
projects, but real projects. This methodology 
is not being used only by the state government 
of Ceara, but also for other states in the north­
east. It is:

1. Identify the municipalities and commu­
nities interested in the project.

2. List and select communities.

3. Make a local energy plan.

4. Completely identify all families.

5. Develop an energy project for each local­
ity.
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Figure 1: Construction in Ceara.

Figure 2: Rural PV energy.

The point about completely identifying all 
families is particularly important. Most poor 
families probably already spend money on tra­
ditional energy - kerosene, fuel, batteries, and 
such. For example, in the Ceara area, most 
families spend between $7.50 US and $15 US 
on such fuel. You can inform and educate 
these people to move that money to new, clean 
energies. Several projects in Ceara are cur­
rently working on this important principle.

A vital component of the method is to train 
local human resources for installation and 
maintenance. In practice, local technicians 
will do most of the installation. In almost all 
rural communities, there will be at least one 
fairly talented, curious person who typically 
takes care of local radios and TVs.

There are also often local jobs that involve 
selling batteries, maintenance of electronics 
and electrical equipment, and so on. If you

can provide good training, these are the peo­
ple that can be used as local human resources 
to support the project.

It’s also vital to tell people how to use 
renewable energy. They must know exactly 
what they are buying; it’s not conventional en­
ergy. We must explain to them the limits the 
systems have. Some projects have not met 
with success because the people haven’t been 
informed.

A revolving fund must be created. This re­
volving fund is sometimes the secret of suc­
cess for the project. Through this revolving 
fund, you can pay for the local technicians, 
the equipment (in the case of commercial op­
erations), or create a fund for future battery 
replacement. It’s possible to maintain this 
on the normal amounts spent on conventional 
energy - between $7.50 and $15 US.

Solar projects can’t be installed, and then
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forgotten. You must supervise and involve the 
locals, at least during the first six to twelve 
months. We feel that solar projects aren’t only 
a purely commercial business - we must in­
clude work for the customers. If you don’t, 
you won’t sell solar PV.

In many countries, including Brazil, there 
have been many unsuccessful projects be­
cause the project was merely installed, like a 
donation. We don’t believe in pure donations. 
If you don’t involve the communities in the 
decisions, they will not feel any attachment 
to the project. They will think it’s something 
given to them by the government.

Criteria for selection of communities
We use four main criteria:

• Distance from the electric grid. Nor­
mally, we consider communities over five 
kilometers away, but this is only a guide­
line - communities are evaluated case by 
case. For example, in Ceara and in the 
northeast, most of the communities are 
very dispersed. We don’t have streets 
lined with houses. Normally, the resi­
dences are far from each other. In this 
case, we may have a community near the 
grid, but it’s not feasible to electrify the 
community with conventional energy.

• Population, [paragraph split titles here] 
Normally in Ceara we only consider com­
munities of at least thirty families.

• Community organization. The commu­
nity may have one leader, or a local as­
sociation. It’s important to help maintain 
this, as the leaders of the community are 
the points of contact in the community 
in the future.

• Sustainability of the project. The follow­
ing points are key in making an electrifi­
cation project sustainable.

1. Electrification must be part of an inte­
grated development project; it must not 
be an isolated project.

2. The local population must participate in 
the project.

3. The project must use proven technolo­
gies. Sometimes, we’ve tried to use 
the community as a test-bed for exper­
iments. This is a mistake. The failure 
of one project can destroy a larger strat­
egy. Using proven technology is partic­
ularly important for maintenance in ru­
ral areas, where spare parts can be in 
short supply. If the spare parts have to 
be shipped two thousand kilometers, it 
makes the situation almost impossible.

4. Revolving fund.

5. Qualification of local human resources.

Our goal of electrifying 20,000 households 
will be achieved using this methodology.

Biomass projects.
We are developing a new waste treat­

ment concept for the state of Ceara. It’s 
being developed with the partnership of the 
state government of Ceara, the government of 
North-Rhine Westphalia, Denaro Energy, and 
Braselco. This project will include the two 
main towns of Ceara: Fortaleza (2,5 million 
persons) and Sobral (250.000 persons).

We think that by the end of this year, we 
will identify three or four projects and start 
with them. They will be very important be­
cause until one or two years ago, biomass 
was not a part of the energy matters of Ceara. 
Now, it will be.

Thank you.

Armando Leite Mendes de Abreu,
General Director
IDER-Institute of Sustainable Development
and Renewable Energy
Rua Dr. JoseFurtado 1480
Fortaleza - CE 60.822 - 300
Brazil
ider@ultranet.com.br

36



$DE01b'4»—-
aaa-

Renewable Energy Strategies in Argentina

Erico Spinadel

Introduction

I’d like to give you some background information on the current condi­
tions in Argentina. Next, I’ll tell you about our wind energy association, 
followed by a description of the Argentinian energy market, and our 
strategies for using renewable energy in the near future.

Some years ago, I visited different countries in Europe with my wife and children. We spent a 
night in a small hotel in Tyrol, in Austria. I told the hotel owner we were from Argentina. The next 
day, he said he’d found Argentina on the atlas: “it lies far south between Italy and Switzerland.” 
I imagine from Tyrol, this is indeed the right direction, but just a bit further.

Far away as we are, I believe that in a globalized world, the most important reserve of wind en­
ergy is held in Patagonia, and the most important reserve of clean pure water is in the Patagonian 
Andes. Perhaps this will make Argentina an important country in the following years.

A brief economic history of modern Ar­
gentina

There have been many difficulties in Ar­
gentina. In 1976, the Argentine national debt 
was some ten thousand million dollars. Then 
came a military government, and after eight 
years in which there was almost a war with 
Chile, and a lost war with the United King­
dom, our debt climbed to some twenty-five 
thousand million dollars. Then we returned to 
democracy, and after sixteen years of democ­
racy, selling whatever we could sell - rail­
roads, oil fields, and services formerly owned 
by the state, the national debt reached some 
one hundred twenty thousand million dollars. 
Our government is fully engaged in trying to 
find ways to pay the interest of that debt. 
As such, our government is not in a posi­
tion to study matters concerned with the use 
of renewable energies. If a civil servant tries 
to start such studies, they will be violating 
the interests of the most powerful lobbies we 
have; the oil lobby, the nuclear lobby, and the 
hydroelectric generation lobby. That is why, 
in Argentina, the only possibility for using re­
newable energies is if it comes from the ef­

forts of non-governmental organizations. Our 
Argentine Wind Energy Association is one of 
those.

Role of the Argentine Wind Energy Associ­
ation

The Argentine Wind Energy Association is 
a non-governmental, non-profit organization. 
The board is composed of professors from dif­
ferent universities in our country. Most of 
them are professors eremitus, and consulting 
professors, as I am. As in Argentina teaching 
at a university is another non-profit activity, 
all of us have good experience with renewable 
energy, which we promote through our Wind 
Energy Association.

We try to be realistic in our activities. Our 
goal is to contribute to what we call sustain­
able human development. Some of the speak­
ers today have pointed out that we will need 
education for our people. Argentina has some 
thirty-five million inhabitants, and, sadly, we 
don’t know what to do with some twenty mil­
lion of them, due to their lack of education, 
poverty, and remote location. We must try 
to create some conditions for them that help 
them to survive.
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In this idea of sustainable human develop­
ment, the proper use of energy is quite impor­
tant. We are trying to educate those from the 
government to the poorest sectors of our soci­
ety, in what to do to create these conditions.

Renewable energy options in Argentina
As I said, we try to be realistic. As all of you 

know, not all that is green is good, and not all 
that is cheap is bad. In all our activities con­
cerning energy, we should try to obtain this 
balance between economy and ecology; other­
wise, there is no hope of developing anything.

The different alternatives considered in Ar­
gentina are biogas, solar thermal, solar PV, 
microturbines, and most of all, wind energy.

• Biogas is widely used in remote commu­
nities. At higher levels, the prevailing 
feeling within the Argentine government 
is to bury the wastes, and not to convert 
it into biogas in any industrial plants. 
Natural gas is very cheap in Argentina, 
and we have large reserves.

• Solar thermal is very seldom employed; 
certainly not in remote communities.

• Solar photovoltaic offers no chance of 
technology transfer to small Argentinian 
industries. It is used in some commu­
nication work, shipping, and buoy sys­
tems.

• Microturbines are used in several remote 
locations in the Andes.

• The only remaining possibility is wind 
energy.

For wind energy, we must consider that the 
Argentine electricity market was privatized in 
1992. It is strictly divided in into generators, 
carriers, and distributors. No generator is al­
lowed to sell to consumers, except in the case 
of veiy small co-operatives which had been 
acting in the market before 1992.

Electricity generation in Argentina
In the most remote communities, everyone 

knows the importance of electricity in mod­
ern life. As such, all use of renewables in Ar­
gentina is intended for the production of elec­
tricity.

Since starting with combined cycle 
gas/steam power generation, everything has 
changed in the power market. Like in Brazil, 
where there are many power plant projects 
under way and all are combined cycle, no­
body talks about separate gas or steam power 
plants in Argentina any more.

At the end of 1998, there was a total in­
stalled market capacity of roughly 22 GW. The 
highest peak of generation took place in 1999, 
when over 70.000 GW h were generated dur­
ing the whole year; this peak represented the 
use of slightly less than 13 GW of the installed 
capacity. The important point is that this his­
torical peak demand was less than two-thirds 
of the total generating capacity.

The costs of combined cycle generation are 
below 2 cents per kW h. If you add to the ca­
pacity of thermal plants those of nuclear and 
hydro, you reach a total of 19.5 GW, to supply 
a peak demand of less than 13 GW. At this 
point, the cost of generation by this mix is 
about 2,7 cents per kW h.

Wind Generation
In Patagonia, we have very strong winds with 

mean values of 10 m/s or higher. This area is 
some two thousand miles away from the Ar­
gentine energy net. Electricity generation by 
wind farms in this part of the country is quite 
useless, because we have no way of transfer­
ring the electric power to the north.

Another promising site is on the Atlantic 
coast of the Buenos Aires province, where the 
mean wind speeds are roughly 7.2 to 7.3 m/s. 
However, due to the federal law of 1992 men­
tioned earlier, the only companies which may 
sell electricity are those which were awarded 
licenses at that time (1992), which are good 
for 20 years; until the year 2012. Under 
the same regulations, they are able to buy 
electricity at the spot market for less than 3 
cents/kW h. In that region, if everything runs 
smoothly, we could generate wind-electricity 
at a cost of roughly 6 cents/kW-h.

We proposed a law to the Menem adminis­
tration, two years ago, which was approved 
after much discussion in congress. This 
law gives a wind generator a benefit of 1 
cent/kW h. Any more than this would conflict 
with the interests of the gas and petroleum 
lobbies, which are placed in a very opportune 
position for the 20 years following 1992. To
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modify this position would be legally discon­
tinuous; we would be unable to obtain new 
investment in Argentina if we were inconsis­
tent with our legal arrangements.

Generating at a cost of 6 cents/kWh, with 
a benefit of 1 cent/kW h still results in a loss 
when selling at 3 cents/kWh. Even if you 
add another cent/kWh, as promised by the 
Buenos Aires province government, you will 
have a generation cost of US$0.04. If you can 
find a way to generate at this cost and still 
make money, you certainly will very quickly 
become a millionaire, in Argentina or in any 
other countriy.

Gas consumption has been dramatically 
increasing in recent years, and it’s still climb­
ing. Compressed Natural Gas gives an oppor­
tunity for a Daimler-Chiysler fuel cell pow­
ered car project; these fuel cells could also be 
used in a near future for domestic, decentral­
ized electricity.

Market strategies
At the kW level, our proposal is based on two 

points:

• wind-powered battery chargers, running 
in a stand-alone fashion, or complement­
ing existing diesel generators.

• autonomous wind electricity electrolizer, 
which generates H2 for storage, which 
can be fed to a local fuel cell.

The second method was developed with a Ger­
man university, and is called the “Hacienda 
Project”. It is intended to help the rural agri­
cultural regions of Argentina. It was pre­
sented in the Argentinian Farm Fair three 
months ago. We hope to have an installed pro­
totype in time for the next farm fair, in March 
2001.

At the MW market level, our main problem 
is that to be profitable, we have to generate 
at less than 3 cents/kW h. Therefore, there is 
an installed base of only 13 MW of wind elec­
tricity generation, on a market which has an 
installed capacity of 22.000 MW.

In the Chubut province, in Patagonia, elec­
tricity is produced locally and sold to the local 
net. This is done by co-operatives which are 
allowed to sell directly to customers, bypass­
ing the monopolistic privileges of companies 
in the Buenos Aires Province. In this province

of Buenos Aires, there are only some small co­
operatives which existed before 1992. There 
are no new possibilities for wind farms.

The equipment for existing wind farms is 
provided by Danish companies. There was 
some early use of German equipment, with 
poor results. The first wind park was in Rio 
Mayo; a small park with M.A.N. mills. It 
worked for three years, then changed own­
ers and is now out of order. The next ad­
venture was with Vends, who installed a one 
MW farm south of Chubut, in the Santa Cruz 
province, where there are very good wind con­
ditions. You know what happened to Vends; 
you can imagine what happened to the wind 
park. German companies are not presentiy 
active in the wind field in Argentina. It will 
not be easy for Germany to come back to the 
market, either. The Wind Association will do 
all we can to help, but the Danish companies 
are very aggressive. Only Enercon, with its 
brasilian plant of Wobben do Brasil, is start­
ing with a small project, intended to reem­
place the former Vends Farm in Pico Trun- 
cado, Santa Cruz Province.

The future in Argentina
The existing arrangement, and the difficul­

ties of working profitably with wind in Ar­
gentina cannot easily be modified; we would 
have serious international troubles if we 
changed the monopolistic facilities we’ve given 
to the companies. The only hope we have is 
that we can really introduce the concept of 
the “Green Price ”, as is currently being done 
in the United States. The general idea is that 
if, for example, you try to install a wind farm 
in the province of Buenos Aires, and the peo­
ple there are willing to pay the distributor the 
price that must be charged, then it would be 
possible.

I think the market at the MW level should 
be exploited by the German manufacturers, 
as the future of wind energy use in Argentina 
lies on the GW level. We hope that by the 
early 2020s, we will be able to export wind 
energy to the Japanese market in the form 
of liquid hydrogen. We could do so in bet­
ter conditions than Canada, with the Hydro 
Quebec project, or the North Africa, with the 
HYSOLAR project. We have performed stud­
ies which show that we could readily enter the 
Japanese and Far Eastern market. An instal­
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lation in the southern Chubut and Santa Cruz 
provinces, in an area no bigger than 400 km2, 
would be in a position to export the equivalent 
of 46.000 barrels of oil daily to Japan. This 
project would be competitive when oil reaches 
a price of $40 US per barrel. I don’t believe we 
are far from this value.

My message for the German industry is to 
aim for the MW level, change their bad image 
in Argentina, then switch over to the GW level, 
and be in a position for very large earnings in 
the near future.

Thank you.

Prof. Erico Spinadel
President, AAEE - Argentine Wind Energy As­
sociation,
Jose Maria Paz 1131 
RA1602 Florida 
Buenos Aires/Argentina 
Tel./Fax: +5411-4795-3246 
E-mail: gencoeol@cvtci.com.ar
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Introduction

The South African energy market is still dominated by fossil fuels and 
their interests. There is one state owned monopoly electrical utility. In 
spite of record breaking grid extension, the majority has no access to 
grid power. To recover only the grid extension costs 350-350 kW h per 
month must be used and paid for per household. Present consump­
tion (with partial payment) is a mere 83kW h/month. The motivation 
for a market transformation is given. A realistic 20% RE target for 2020 
agrees with the Shell scenario. Four crucial market transformation indi­
cators are presented, as well as a selection of current RE projects; there 
is good reason for optimism.
I’m very pleased to see a number of my colleagues from the continent. I 
think I have good news for you, from a continent that does not always 
have good news for the world. I also note with appreciation the presence 
of the first secretary of the embassy, Mr. Pierre Jordaan.

The South African energy market
First of all, the existing South African sys­

tem is based on fossil fuels. Most of it is 
coal, which is very shallow; much of it is in 
open-cast mines. The power stations sit right 
on the mines, which is quite convenient and 
amenable to a high degree of mechanisation 
with low job opportunities. Coal is used for 
direct fires, for electricity, and for synfuels by 
a process which was originally developed in 
Germany during World War Two. Oil is used 
mainly for transport.

At the moment, we have a single monopoly 
state-owned utility, which is amongst the 
largest five in the world. It is based on 
large-scale electrification, and of cheap en­
ergy, which excludes externalities - no tax is 
paid, and the state backs up international 
funding.

A major problem is that it does not reach 
the rural areas. This creates social problems, 
and causes migration from the rural areas

into urban areas. Current connection to the 
grid is being done at a record pace.

Each new house added to the grid adds to 
the loss. To only pay for the urban grid exten­
sion, we need between 350 to 380 kW h sold 
per month. The present rate of use is 83 kW h 
per month. You can see it is not anywhere 
near the optimum mark. It is also used mainly 
for recreation and lighting, which is not really 
a very productive use of energy.

The need for a market transformation
We need a market transformation towards 

renewables, because we produce about 60% 
of the continent’s electricity, and it is all done 
in a highly polluting fashion. We also desper­
ately need the work opportunities created in 
comparatively much greater numbers by re­
newable energies. The market transforma­
tion has to be rapid, and it has to be sus­
tained. Many ad-hoc efforts have been made 
at transformation, and as soon as it happens, 
people tend to reverse, and that is a mis-
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investment. The large scale grid electrifica­
tion of low income houses was motivated by 
the expectation that inefficient domestic coal 
burning and its resultant air pollution would 
be reduced drastically. Surprisingly, a recent 
study shows an increase in coal consumption.

The driving factors in South Africa are 
slightly different from in Europe and America. 
The first priority you will see is “job creation”, 
not “the environment”.

The least-cost option, in terms of life-cycle 
cost, is rural energy. Not rural electricity — 
RURAL ENERGY.

On the issue of productivity and compet­
itiveness, we have woken up to the fact that 
cheap energy does not necessarily mean com­
petitiveness. In fact, if you look at analyses, 
the opposite is true. We need private sector 
initiatives. We have a history of very cen­
tralised government, but we need private sec­
tor involvement. Another important consider­
ation is risk management in the provision of 
power and energy. As electricity gets cheaper 
and cheaper, mainly by government pressure, 
the quality of the service deteriorates, and 
people are left alone without power. Of course, 
this is very bad if you have a production that 
is dependent on a secure source of electric­
ity. It is even worse if you need reasonably 
constant voltages. At present in Nairobi they 
have electricity for about 6 hours per day.

Any market reforms will also be run on 
government intervention and the fear of envi­
ronmental sanctions. It is not so much driven 
by popular demand at the moment, demand­
ing environmental issues, but rather by the 
fear that if we are producing exports made 
with dirty energy, we may not enter the inter­
national market. This is what sanctions can 
do. Finally, as a last priority, come concerns 
of environment.

Another thing driving this is availability of 
resources. Southern Africa receives 59% - al­
most two thirds - of the total highest intensity 
sunshine in winter. If you add up Egypt and 
Sudan, together with Southern Africa, you see 
how much is left for the world to share. That 
is five percent for the rest of the world. The 
funny thing in this case is that the resource 
that is most abundant, is also the least ap­
plied.

Targets for market transformation
We decided to aim for 20% renewable energy 

by 2020, which agrees with the Shell scenario.
Primary energy supply in South Africa is 

dominated by coal, next is crude, and the rest 
is diminishing. In terms of market penetra­
tion you can see a definite dive in the coal 
percentage, and the others rising, and I would 
like to stress: it is commercial energies again.

Looking at the target renewable energy 
contribution to the net estimated fuel, you can 
see that commercial renewables will overtake, 
for instance, coal somewhere between 2010 
and 2015.

A major growth, sticking out from the 
crowd of renewables is solar water heating. At 
the moment it is less than 0,1 m2 per per­
son. Given the sunshine levels in the countiy, 
it is really frightening that people do not use 
it. A large percentage of domestic solar water 
heaters are imported. I should also mention 
that over 50% of the hot water used for indus­
trial processes is less than 100 C.

Coming to the targets again, let’s share a 
few details with you. The way we think mar­
ket penetration will be measured is by the A4 
potential, being composed of the product of 
Awareness, times Acceptance, times Access, 
times Affordability. It works in that sequence.

• Awareness: If you are not aware of a 
product, you will not be able to buy it, 
or you are very unlikely to buy it unless 
you buy things in the middle of the night.

We think education has to be done by ac­
tivists, NGOs and such groups, and liaisons 
between them - no-one will run it on their 
own.

• Acceptance means desirability - how ur­
gently and how seriously do you desire 
to have the product.

Government papers are in place in most in­
stances, but there is a lack of commitment in 
the sense of placing resources (time, money, 
men) for this issue of renewables.

If people talk and write about it but they 
do not put their money where their mouth is, 
nothing much happens. There must be real 
government intervention, and we need it on 
projects and initiatives.

• Access means “can you buy it in a rural 
area - can you get it?” Can you get PV
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panels? Is it easy to buy a windmill? Is it 
easy to buy solar water heating panels?

• The last is Affordability, based on life­
cycle cost.

Access and affordability, we believe, will be 
mostly driven by market forces, training, and 
real investment. A good analysis of invest­
ment possibilities in the Southern African de­
velopment area has been produced as a Guide 
for Investors, made by ISES (the International 
Solar Energy Society) which I also represent 
here, and by the Development Bank of South­
ern Africa (DBSA).

It is available from Mr. Burkhard Holder, 
the executive director of the International So­
lar Energy Society, placed here in Freiburg. 
We are very honoured to have them here. He 
also has other material which he would like to 
distribute to you.

Current Projects
We have, at the moment, a market of about 

$7 million US. 2.5 million solar homes are ex­
pected to be built within the next 10 years. 
A major issue is water pumping - which is 
replacing windmills at a rate of 0,8 MW per 
year. Schools and clinics are linked through 
the educational and health programmes. We 
are using street-lights extensively for commu­
nications - telecommunications make approx­
imately 60% of our PV projects.

Wind has excellent conditions around the 
coast. This diminishes towards the inland ar­
eas. A 5 MW wind turbine project is being 
planned at Darling. Mr. Oelsner from South 
Africa is present in the hall; if you wish to 
speak to him afterwards I am sure he would 
answer questions. A 200 MW upwind chim­
ney is being projected in the Northern Cape. 
Mr W-W Stinnes can be contacted on that.

Hydro is small, with only 0.4 MW cur­
rently, and no large-scale projects planned.

As for passive solar design, 1,800 houses 
have been built in Alexandra, which is part of

the All-African games village. 2,400 houses 
are being built in the Pretoria area, at Hart- 
beespoort Dam, where I am from. It is part 
of an integrated resource plan issue, mean­
ing also the provision of water. Space heat­
ing reduction expected is about 40% - 50%. 
Guidelines have been prepared by the state’s 
Department of Mineral and Energy Affairs. It 
is a Guideline, Primer, and also a Manual.

Further, a very important one that is really 
in the process of being born at the moment, is 
a renewable energy demo project on an island. 
It is part of the ISES “Islands in the Sun” pro­
gramme. Robben Island, as you know, has re­
ceived some political attention. The idea was 
that it would be used both as a museum and 
a demonstration, in that all the local power 
would be provided in a clean and sustainable 
way.

We need energy targets for housing to be 
set by the Authorities. A computer pro­
gram has been prepared and tested for South 
African conditions for passive solar design. 
There is a sustainable development founda­
tion doing training, both for technicians and 
for designers. The leading universities are ac­
tive in Renewable Energies.

In conclusion, we would like so share this 
idea with you that Southern Africa is THE 
growth centre for renewable energies.

With that I thank you.

Prof. Dieter Holm
Director, ISES South Africa
President, Solar Energy Society of Southern
Africa
Head of Research and Postgraduate Study
School for the Built Environment
University of Pretoria
Pretoria 0002
South Africa
Tel.: +27-12-420-3815
Fax: +27-12 -420-3837
Email: dholm@postino.up.ac.za
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Renewable Energy Strategies in Morocco

Mohamed Berdai

Introduction

The purpose of this paper is to present a brief overview of the power 
sector in Morocco, the context for renewable energy development, the 
application fields for renewable energy like electricity production, rural 
energies, and the improvement of energy efficiency. The paper conclu­
sion will present some recommendations taking into account Morocco 
experience. , —

Morocco energy consumption
The total energy consumption is around 

10 million TEP (67% oil, 23% coal). Wood 
fire for traditional use, particularly used in 
rural areas, represent 3.5 million TEP. Mo­
rocco import around 90% of it’s commercial 
energy and have a rate of rural electrification 
at around 40%. The total investment over the 
last 5 years in the energy sector is around 
$2.6 billion. Morocco priorities are :

• ensure energy supply

• provide energy at thebest price, taking 
into account environmental aspects, and 
looking for competitiveness

• develop the use of commercial energy in 
rural areas and use of renewable ener­
gies.

Reforms of the energy sector
During the last 5 years, the energy sectors 

had very deep reforms, such as

• Introduction of privatization for refiner­
ies, •

• Concessions of electricity production 
(BOT). The legal and regulatory frame­
work is in place, and we have already 
started two projects.

1. The first one is a of 1300 MW ther­
mal plant.

2. The second is a 50 MW wind park.

• Open pricing for oil projects, partly to 
have more transparency to international 
markets.

• New electricity pricing to reduce peak 
load demand. We currently have a peak 
load that is 2 times higher than our low 
demand.

• Rural electrification.

• Development of regional network includ­
ing electrical interconnection, and a gas 
pipeline from Algeria to Spain.

All these reforms have some impact on renew­
ables, which are discussed below.

Morocco is interested in renewable ener­
gies

• to produce electricity thanks to diversi­
fied natural resources.

We have a 1000 MW hydro-electric plant in­
stalled, wind resource could potentially pro­
vide 2000 MW, the average solar resource is 
high with 5 kW h / m2 / day and biomass also 
offer opportunities regarding roughly 10 mil­
lion hectares of forest.

• to provide energy for rural areas.
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There is currently a lack of commercial inter­
est from conventional energy sectors in those 
areas where the needs are diffuse but globally 
high. In these areas where the pressure on 
wood resources is important, renewable en­
ergy could be very helpful for lighting, cooking 
and heating.

• to improve energy efficiency

in looking for industry competitiveness and 
environmental preservation and prepare the 
opening of Euro- Mediterranean free market 
(2010)

Renewable energy in Morocco
Current electricity production projects for 

wind farms include

• an ongoing 50 MW project.

• a 3 MW project, in the frame of the Ger­
man co-operation from the KFW.

• three parks with a total production of 
200 MW under preparation.

These should be operational before 2004. By 
2004, the contribution to electricity genera­
tion should be 10% from wind systems.

There are other potential sources of elec­
tricity under study right now, and we hope to 
achieve some concrete results soon. One pos­
sibility is a thermal solar units with combined 
cycle power plants using gas. Global Environ­
mental Facility (GEF) is expected to support of 
roughly $50 million to implement this project. 
Other projects are under study right now in 
Morocco and concern waste energy valoriza­
tion.

Rural electrification
Another important area where renewable 

energy could play a role is in energy for ru­
ral populations, in 1995 we had a rate of 
rural electrification of less than 15%. As a 
result of a large electrification program, it 
is now around 40%. The demand is very 
high (30.000 villages). Thousand of villages 
are self-electrified, typically at their own ini­
tiatives, often by diesel generator sets. We 
have also very dynamic private market for PV. 
30.000 PV domestic systems are installed (4 
MWp).

The global program for rural electrifica­
tion (PERG) launched 5 years ago combines 
the grid extension with renewable energy. It 
concerns 150 000 families per year, and it 
costs $150 million US per year. The financial 
scheme shares the cost with all the partners - 
the electricity company, the urban population 
in a scheme of “National Solidarity”, in which 
as all customers pay a 2% extra to support ru­
ral electrification. There is also contribution 
from local collectivities 20 %, and from users 
about 25%.

To date, nearly 4.500 villages are con­
nected to the grid thanks to PERG. In addi­
tion, a large PV program will start as soon as 
possible. Morocco have tried during the past 
10 years to develop a real service of decen­
tralized rural electrification, using PV, wind, 
or other systems. We started at the needs 
level, and developed a global approach where 
we mobilize actors for development and pri­
vate operators at the local level, if we are look­
ing for sustainability.

We also look for simplicity of implementa­
tion, and adaptation of technical, financial, 
and social solutions to the environment, to the 
climate, and also to the sites. There is also 
a big effort to involve local human, financial, 
and energy resources. To give you an idea 
of the decentralized rural electrification pilot 
projects we’ve developed with French, Ger­
man, and other co-operation, the following are 
presented.

Morocco had a large co-operation with the 
GTZ, reaching all aspects of renewables like 
wind, biomass, solar PV and solar thermal. 
This technical co-operation allowed us to go 
to financial co-operation, which we have from 
the KFW, as mentioned above. In Morroco, 
we have seen the evolution of public and pri­
vate operators working in parallel with strong 
exchange. Public operators work on develop­
ing their own implementations, or implemen­
tations key in hand, or mobilizing the private 
sector for part of the service.

The market for next five years is around 
10 MWp (200 000 solar home systems). The 
private sector works on marketing, network­
ing, and developing high mobilization for the 
national program. Today, public and private 
operators meet around a service approach, 
preparing a new methodology to develop de­
centralized rural electrification. Another as-
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Projet Fonds Cooperat. Fonds Maroc Application
ERD-CE 10 Millions Ecus 30 Millions Dh Nord
ERD-KFW 10 Millions Marks 45 Millions Dh Tensift
PPER-France 30 Millions FF 70 Millions Dh Azilal Erracchidia Safi
Village Power 8 Millions Dh Chefchaouen Taounate
ERD-JICA 14 Millions US $ Haouz
Initiative PV de la SFI 5 Millions US $ Appui au secteur prive PV

Table 1:

pect of PV technology is water pumping - wa­
ter supply, a very important issue for Mo­
rocco. The region have now reached very spe­
cific situation, in that we expect to have a lack 
of water availability in the near future, and we 
have to work very hard on this aspect. There 
is a national program for rural water supply, 
called “PAGER” but this program has met a lot 
of financing difficulties, because it’s not some­
thing like electrification, where people are fa­
miliar with expenses for lighting.

The third aspect for energy for rural areas 
is the rational use of wood fire. We are work­
ing on strengthening use of gas butane, im­
provement of energy efficiency of equipment 
that uses wood fire, development of collec­
tive applications of wood fire and promoting 
of “ESCO” energy houses.

The “ESCO” Maison Energie or Energy 
Houses is a new concept to improve energy 
distribution in rural areas : appropriate en­
ergy services for PV electrification, gas distri­
bution, improved furnaces, organization of in­
stallation and maintenance services near pop­
ulations and near the need, looking for sus­
tainable energy and environment preservation 
awareness for rural populations. With this 
project, employment, and strengthening local 
human resources in rural areas are also con­
sidered as important goals. We have 50 ES- 
COs under implementation. Some are already 
operational.

Rational energy use
Regarding rational use of energy, and trying 

to reduce the contribution to peak loads, we 
are starting a national program for solar water 
heater distribution. The markets assessment 
and analysis shows a potential for 400 000 m2 
to 1 000 000 m2 and identify barriers as •

• low reliability,

• high investment cost,

• lack of communications.

So , the new program is expected to im­
prove the quality, reduce the cost, and develop 
regulations, and awareness through training, 
communications, etc.

Within the pilot phase, 1000 m2 of solar 
water heaters are under implementation in 
the north of Morocco, as collective projects for 
public administration, like education, habi­
tat, and health. With $4 million GEE sup­
port we expect to launch a 100 000 m2 project 
by the end of this year, running during the 
next 4 years, for individual and collective ap­
plications, and for both rehabilitation and 
new installations. This program will gener­
ate $40 million investment. Taking into ac­
count all these projects, we could summa­
rize in few words the actual situation of the 
renewable energy in Morocco: [quote this] 
Market for next 5 years, 250 MW wind park 
project, 10 MW PV for rural decentralized elec­
trification, and around 100 000 m2 for solar 
water heaters, Cooperation between private 
and public sector to promote technologies, 
develop standards, reduce costs (PV SHS is 
around $500per unit), Mobilization of impor­
tant investment, with the help of GEF-PVMTI 
and other international financing institutions, 
Promotion of employment : 50 ESCOs by the 
end of the year, with potential for 1000 ES­
COs.

Conclusion
The impact of energy-sector mutations on 

opening of renewable energy markets is very 
important, particularly for large scale projects 
like wind-parks and rural electrification. But 
the most problems/difficulties we meet con­
cern the changes of implementation scale, the
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high cost of projects development, the risk of 
energy availability, etc. We could define three 
types of projects

1. Infrastructure projects,

2. technological projects, and

3. social projects.

For the first type of project the financial and 
institutional mechanism are already devel­
oped. But, for technological, environmental, 
and social projects, we still meet problems of 
sustainability of those mechanisms.

Renewable energy projects need fast fi­
nancing mobilization, adaptation of criteria 
and procedures, and support to open the mar­
ket and reach economic reliability. It’s also

very important to promote the service ap­
proach, and look for mobilization of finan­
cial and technical operators, preserving local 
expertise and strengthening the quality ap­
proach. Generally energy projects are decided 
10 to 15 years in advance. It’s time to have 
deep, and clear visibility on renewable energy 
possibilities to optimize planning program for 
energy in global aspects.

Mohamed Berdai 
Advisor at Energy Directorate 
(Department of Energy and Mines) 
Director of Programs & Projects (CDER) 
Tel.: +212 7 688778 / Fax 212 7 683987 
e-mail: berdai@mem.gov.ma

47



ill III il 1111111111 '111111 IH II 
*DE016746448*

The Moroccan Program for Rurar 
Electrification
Jurgen Gehr

Introduction

First of all , I’d like to remind you that the PV market in Morocco has 
been successfully and essentially developed by some private companies 
like AFRISOL during the first half of the nineties. As already mentioned 
by Mr. Berdai from the National Renewable Research Institute / ODER, 
the National Utility / ONE established in the last years a large global 
program for rural electrification - the PERG - including the extension ! 
of the grid, isolated grids and SHS. For the PV sector, this meant hard 1 
times, essentially, because they announced subsidies for SHS without ; 
having an approach ready to be executed. ;

The new Moroccan PV approach
The PERG program is ambitious and will 

bring up the rural electrification up to 85% by 
the year 2006 compared to 20% at the year 
1995. Some 10% corresponding to 280.000 
households are reserved for SHS - naturally, 
in areas which need a high investment for 
the grid extension and where in same time 
the population will consume very few current. 
You may imagine that the 15% which are still 
pending and scheduled to be electrified after 
2006, will have a higher proportion of SHS 
for the same reasons as mentioned earlier. 
Finally, after that painful period, ONE and 
the young industry represented by their pro­
fessional association AMISOL were sitting to­
gether and prepared the first big tender which 
has been released at the end of this summer 
and is now under evaluation.

The approach discussed between the solar 
industry association and the national utility 
is very exciting and new - I haven’t seen a 
similar approach anywhere else in the world. 
It is the intention of ONE and the private 
sector to maintain competition between the 
awarded companies and for this reason no re­
gional protection will bare the route that in re­
gions with a high potential of customers sev­

eral companies will offer their service. The 
winner of the first bid will be awarded with 
subsidies for 16.000 households. Companies 
which passed the technical and financial eval­
uation will be attributed with subsidies for 
8.000 households each, at the condition that 
they aline their price offer to the winner’s one.

A subsidy of 430 USD covering the hard 
ware cost of the basic 50Wp SHS, will be paid 
by ONE to all customers which are inside the 
so-called solar zones. In order to allow the 
population with the lowest incomes access to 
an electric service, the tender is based on a 
fee for servicing cells, which means that the 
customer will pay a down payment to cover 
the costs of the electrial installation inside the 
house and a monthly fee which includes the 
replacment of all main components, over 10 
years. During this time the operator is fully 
responsible for the whole system. This stems 
from experience in which companies tried only 
to earn easy money and disappeared after two 
or three years, leaving people in the country­
side stranded, not knowing how to proceed. 
After this period the end users become own­
ers of their systems.

The service provider is charged with the 
marketing in the solar zones, but he is not 
limited to commercialise only the basic SHS
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on a fee for servicing base. On the techni­
cal side, there is no limit to upgrade the sys­
tem’s power or to switch to AC systems as long 
as the technical specifications are respected. 
Various finance schemes as cash or credit 
payment are allowed after approval from ONE. 
But all approaches have to be linked to a 
service and maintainance contract to assure 
sustainability. There the competition will be 
mainly based on the quality of the operators 
services, which is quite fair towards the end 
users.

Already now, the Energy Ministries from 
countries in our part of the world are vis­
iting Morocco to discuss their experiences 
with ONE and AMISOL. In same time, they 
have invited the leading Moroccan companies 
to transfer the acquired know-how into their 
home countries, convinced that they are more 
familiar with the conditions in the countiyside 
than companies from Europe for example.

PV technology in Morocco
I heard some questions about technology 

transfer, which is an important subject for de­
veloping countries. But let me first talk about 
the transfer of knowledge which PV system as­
sembling companies has experienced in our 
country. PV components are developed by 
people who have little idea about the condi­
tions where these items will be installed. Hav­
ing uneducated end users means developing 
devices which are very reliable, rugged, easy 
to use and to maintain. As well, the installers 
do not have a high level of training to under­
stand manuals which seem to be made for the 
university.

I can advise and invite these companies, to 
develop and test their new products hand in

hand with local system assembling companies 
which in the end is profitable for both of them. 
Another effect is that you will improve the 
reputation of your company and your prod­
ucts, because people identify the result with 
the company and not with installation proce­
dures.

Regarding the new challenge of our profes­
sion to develop and to introduce pre payment 
systems to master maintainance and collec­
tion of fees from thousands or ten thousands 
of end users, there will be no other way to be 
successful than to cooperate closely.

Morocco has a small industry for produc­
tion of electronic devices and a larger industry 
for battery production. Most of these compa­
nies do not have the financial capacity for re­
search to improve their products. An oppor­
tunity exists for your companies to conclude 
partnerships, either to complete their range of 
products or to produce partially directly in the 
country. You will profit from a better market 
understanding and penetration, as well as im­
provement as an investor in vital market seg­
ments and the image of your company in the 
country.

Thank you.

Jurgen Gehr 
Managing Director 
AFRISOL
219 Rue Mustafa El Maani 
Casablanc 20000 
Morocco
Tel.: +212 22 201225 
Fax: +212 22 0485811 
afrisol@marocnet.net.ma
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Solar Home Systems for Rural Electrification 
- The Case of South Africa
John van Laarhoven

Introduction

I’d like to explain the 50.000 solar home project in the Eastern Cape of 
South Africa project, as the chair has explained.

Prior to that, as an introduction, I'd like to tell you a bit about Shell solar and rural elec­
trification from their perspective. If I could add something to the speech of Mr. Holm, I would 
gladly do that. Thirdly, I’d like to address the South African rural electrification market. I’d like 
to talk a bit about the system we have on the offering called the “Powerhouse” system, give you 
the Eastern Cape project status, and draw some conclusions with you.

“Jenza” is a Zulu word, which means “just do it - get on with it ”. In a number of speeches 
today, I heard the words “demonstration”, “research”, “study”, etc. I don’t think the two billion 
people that have been on several occasions are waiting for more studies; I think they are waiting 
for initiatives - to “just do it” on a large scale. As Mr. Gehr pointed out, in Morocco there is a 
program of 200,000 customers, and they’re running it.

Shell solar and rural electrification
The two billion people have been often ad­

dressed today. The other day I heard Mr. 
Wolfenson speak about the fact that in the 
next decade another two billion people can be 
added to the existing two billion, mainly in de­
veloping countries.

A lot of governments have proclaimed 
“electricity for everybody". As also addressed 
by our chairman, the traditional grid is, in 
many cases, too expensive or not feasible be­
cause of the very limited demand by a number 
of rural households, and also because of the 
costs involved with the very dispersed nature 
of that market. As Mr. Miller has pointed out, 
there is a huge lack of financial institutions 
and infrastructure in rural areas. Another 
thing that became clear today is that stan­
dalone PV systems are commercially feasible, 
and as Mr. Beradi already pointed out, a PV 
gap will assure that PV and solar home sys­
tems will really be used in remote locations. 
Shell solar sees it as it’s mission to electrify 
the world’s rural, non-electrified population 
using renewable energy with proven technol­

ogy. We think we can achieve this by focusing 
on the customer’s needs - looking at afford­
ability, necessary infrastructure in the rural 
areas, and thereby develop a viable commer­
cial infrastructure.

These are the projects we are currently in­
volved in:

• In Bolivia, the Philippines, and China, 
we are currently executing and/or 
preparing projects with subsidy assis­
tance from the Dutch government.

• In India and Sri Lanka we have set up 
solar companies.

• In Ghana we are setting up an initiative 
with allied Dutch PV industries.

• We have a share in a company in Mo­
rocco.

• The South African Eastern Cape project, 
which is today’s subject.

• We have a distribution network with 
Shell Solar in Brazil.

52



Van Laarhoven: South African SHS

Background on the South African Market
The unelectrified part of the population - I 

believe Mr. Holm spoke of 2.5 million house­
holds - is our target market. As far as grid 
expectation is concerned, it’s hardly feasible 
to electrify these deeply rural areas. In nu­
merous areas in South Africa, the people are 
very dispersed and are very difficult to access.

There is also no access to finance. How­
ever, these people spend in the vicinity of the 
equivalent of five to fifteen dollars per month 
in local currency to provide for their energy 
needs; candles, kerosene, paraffin, batteries 
and such. There is limited experience avail­
able, in spite of the large number of stud­
ies that have been done, from actual previ­
ous projects. The experience that is avail­
able, however, shows that problems with get­
ting your money back are mostly in the form 
of theft and tampering with equipment.

In South Africa, we enjoy the full support 
of the Department of Minerals and Energy 
(DME). We launched the project roughly two 
years ago with the following objectives:

• To prove a project like this could have 
commercial viability.
This is why Shell and ESCOM both de­
cided to put equity on the table, and 
show to the financial world that if you 
are willing to invest in a project like this 
and set up a good infrastructure, you will 
get your money back.

• A two stage approach. Stage one is six 
thousand units implemented in one year.
This stage was launched in March 1999 
by former President Mandela, in his Na­
tal area. We wanted to make sure the of­
fering met the customers’ requirements 
in terms of functionality and affordabil­
ity. If you consider the market as a pyra­
mid, and don’t focus on the 5% who can 
pay cash, and concentrate on the lower 
income in the central part of the pyra­
mid, you’ll find the target group we took 
into account for this project. •

• To maximize local content. This is partic­
ularly true for supply, because in South 
Africa, there are two worlds. The is a 
third world, but there is certainly also a 
first world. Batteries from South Africa

are excellent. Conlog, a company with 
whom we work, is by far the largest man­
ufacturer of electronics in the southern 
hemisphere.

• A “fee for service” concept. We do not 
want to sell the systems; we want to sell 
the service of having electricity to these 
people.

I was approached earlier today, by some­
body from the audience, who asked “but what 
if people who are paying this fee decide to go 
on leave for two weeks?”. I’d like to compare 
that with the analogy Mr. Miller used, where 
in the Western world, people can, on the ba­
sis of their character, buy a car and drive it 
home with no payments. This person must 
still pay for their car, whether they drive it or 
not. This is exactly the setup we’ve chosen in 
this project.

Description of the product
The system makes use of a solar module, a 

pyramid-shaped battery, and a controller and 
user interface. There are a number of outlets 
present. We supply the system inclusive of the 
total cabling, plus four lights - three interior 
and one exterior. Furthermore, the opportu­
nity exists for the customer to connect a 9V or 
12V radio, and a television.

We have made the system completely fool­
proof. In deep rural areas, we must work 
with people who are practically illiterate. We 
have tested the system by having it installed 
by people who normally tend herds, and they 
could do it in two hours. The connections are 
totally plug-and-play.

We use lights with reflectors, manufac­
tured in this beautiful country, and of ex­
tremely high quality. The average bulb life­
time is 10.000 hours. This company is ab­
solutely certain of the quality of their product, 
and gives us a back-to-back warranty of 5.000 
hours.

The user interface has two lines of sym­
bols. The yellow ones indicate the battery sys­
tem’s state of charge. The white ones indicate 
the number of days credit left in the system. 
A small light will cycle on for exactly 100 sec­
onds; during that period, an LED will indicate 
the battery status. A second LED will cycle 
on for the next 100 seconds, and credit status 
(remaining days) will be indicated. To make
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sure people know when credit is low, during 
the last week of credit the LED will be red and 
blinking.

Exact current from the solar module to the 
controller, and current from the controller to 
the loads, is indicated by number of pulses 
from a corresponding LED. Divide the num­
ber of counts by ten to get an exact measure of 
current. This makes maintenance diagnostics 
very easy. Of course, we have training aids, 
manuals, and all other necessary materials to 
instruct people.

The system provides 200 W-h per day, on 
the basis of five equivalent sun hours per 
day. All outputs are protected against short- 
circuit, overload, polarity reversal, etc., and 
we’ve built in load shed mechanisms. With 
the 20 Ah available in the system, you could 
run four lights for three hours, or the outside 
fight for ten hours and a couple other lights 
for less. There is enough energy to watch a 
35V television for a three hours, with radio for 
several hours, and twelve hours from a single 
light.

I commented earlier on theft of systems. 
Apart from theft of solar modules, it’s also a 
big problem if someone tries to start a car with 
a battery designed for solar applications. We 
certainly don’t want that to happen. We de­
signed and implemented a “smart switch” se­
curity device into the solar panel and battery. 
If the battery is removed from the solar unit, 
the battery stops being a battery. If the smart 
switch is accessed, and an attempt is made to 
bypass it, the protector will be destroyed.

Another feature is the pre-payment. We 
have a co-operation agreement with Comlock, 
who have supplied over 2,5 million prepay­
ment meters to ESCOM, and they are very 
experienced in pre-payment. I should point 
out to Mr. Gehr that the magnetic cards used 
for the pre-payment are single-use magnetic 
credit tokens, and they are by far the most 
attractive solution from a cost point of view. 
Monthly payments ensure full availability of 
the system. The system can provide 200 W-h 
per day with an autonomy of three days. If 
a payment is not made in time, the system 
stops operating. For example, if a customer 
buys a payment for January, doesn’t use it 
for February, and buys a token in March, the 
system first subtracts the time from February 
before crediting March. We can have flexibility

on the time basis, and the tokens and the sys­
tems are uniquely coded to prevent fraud. Put 
simply, we can have unique codes in one com­
munity different from another. The partners 
in this project are ESCOM and Shell; we’ve es­
tablished a local joint venture company, and 
Comlock and Shell, for the world-wide mar­
keting and distribution of that product, and a 
product line to follow.

Distribution and Support
We have also established an organization we 

call an ESCO, not unlike the Moroccan orga­
nization of the same name. ESCO stands for 
the “Energy Service Company ”. It is a com­
pany well adapted to the first world environ­
ment, and makes use of all modern commu­
nication means. An ESCO would make use 
of a number of RESCOs, “Rural Electrifica­
tion Service Companies”. Such a company 
can be compared with the local supermarket 
in a larger city for a given region of the East­
ern Cape. These people would also take care 
of stocking materials to be further distributed 
into the rural areas. Each RESCO would have 
contact with a number of outlets. An outlet 
would ultimately have a maximum of 200 to 
250 customers in their community. The ap­
proach of outlets is in combination with the 
RESCO, and goes via the community hierar­
chy, and all rules are followed. This way, we 
have buy-in of the community itself.

A RESCO would also have skills available 
for sales of contracts to end customers, finan­
cial management, training for installers who 
might be part of the user community, and 
technical management.

The monthly payments cover free mainte­
nance of the equipment, free exchange of the 
fight bulbs, and of course, the capital cost of 
the systems. We think that this will provide 
a sustainable business which might generate 
an easier access to funding.

As for money collected, we charge about 
$25 to the rural customer to cover installa­
tion, up front sales cost, and promotion costs. 
30-day tokens cost about $8. The outlet sells 
tokens to the end customer in booklets. This 
means that a rural customer will buy a to­
ken, then the token will be placed in a booklet 
not unlike that used to store business cards. 
Since modem communications are scarce in 
these rural areas, this is one of the only ways
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to do this securely. Security concerns are 
also why we don’t want outlets to have more 
than about 200 customers, as the incentive 
for theft would be too high.

Incentives are in place for the outlets and 
their sales of the tokens, and also for the 
installers, maintenance crew, RESCO, and 
ESCO.

A typical outlet is called a “spaza shop”. 
We’ve set it up so that all the outlet owner has 
to know is that a token has been given, and 
some cash is expected in return. Still, you 
have a customer database somewhere that 
follows the transactions of 50.000 payments. 
Therefore, a number of other things must also 
be done.

We initially projected that the first 6.000 
units would be installed by December 1999. 
Unfortunately, it took longer to start up the 
organization and go through the learning 
curve. Ultimately, we succeeded in December 
through February to install over 1.500 sys­
tems per month in 180 communities. So, the 
current project status is:

• The local organizations are in place and 
selling in 180 communities

• We have 370 installers trained who will 
be re-trained as maintenance people.

• We have sold 6.000 contracts in eight 
months.

• We have a 100% installation fee collec­
tion rate, and 98% revenue collection in 
the first year.

We have pre-set criteria for the project in 
order for Shell and ESCOM to go into financ­
ing of phase two. The fourteen criteria points 
are reviewed by a technical review, financial 
review, and a marketing review. The finan­
cial and marketing review are under way as 
we speak, and the technical review shows that 
the project meets all criteria.

However, we need a customer database. 
By the time we have 50.000 transactions on 
the ESCO level alone, on the basis of sales 
slips given in by possibly illiterate villagers, it 
would take about 1,3 months to produce a re­
port, whereas you would want it in the first 
three days. We decided that we would have a 
need of combining a customer database with 
a bar-code coupled with the hardware, linked 
to the GPS location of the customers.
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The user interface consists of LED’s that 
indicate the following: -

— Days of usage

— Battery charge level

— Token acceptance

— Charge / discharge rates

— Error with the system

Shell Renewables

Figure 3:

0 rganisational Structure

Shell Renewables

Figure 4:
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Conclusions
We have an adequate local organization in 

place to cover the 50.000 rural customers, a 
strong community involvement in the project, 
and political goodwill with ESCOM the DME. 
We think that Power House is an attractive 
and financially accessible proposition to rural 
customers. We’ve done 6.000 in 187 commu­
nities. In phase two, we will implement a cus­
tomer database. Currently the revenue collec­
tion is better than 98%.

Thank you.

John van Laarhoven
Business Development Manager
Rural Electrification (Africa) Shell Solar BV
P.O. Box 849
5700 AV Helmond
The Netherlands
Tel.: +31 492 508608
Web: http: //www.shell.com/renewables
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Photovoltaic Hybrid Systems - Energy Supply 
for Villages
Klaus Preiser

Introduction

Photovoltaic electricity - inexhaustible, clean, available everywhere in 
the world, modular in low power quantities - is an ideal option to supply 
rural areas which are not yet electrified. Nevertheless, two decades had 
to pass after the first demonstrations of solar technology in the seventies 
until stable markets with high growth rates developed in different parts 
of the world for one specific technical solution for rural electrification, 
the Solar Home System. Indonesia, Mexico, Morocco, Kenya, China and 
India are excellent examples for the establishment of such markets. To­
day we estimate that e.g. about 200,000 Solar Home System units are 
sold annually. The total accessible user potential is valued at up to 100 
million units. Further applications like photovoltaically powered pump­
ing systems for drinking water, photovoltaic lights, photovoltaically pow­
ered battery charging stations and hybrid systems for power supplies in 
hospitals, farms or hotels have found wider dissemination as well.

Rural electrification in developing coun­
tries

The access to grid based electricity in ru­
ral areas of many countries is clearly insuffi­
cient. The electrification rate of rural house­
holds ranges between 5 % (Central Africa) and 
25 % (Latin America), leaving more than two 
billion people of our world without the modern 
energy services of electric power. That this ab­
solute number has not changed much during 
the past two decades can be seen in figure 1, 
where the electrification rates for different re­
gions are summarised.

Rural households have low power con­
sumption and low income. Investment costs 
for grid extension on the other hand are 
high at a world-wide average of 900 US $ in 
1994 prices per household [ASTAE 1996, Fo­
ley 1990, Foley 1995], The return on invest­
ment for rural grid based electrification, as a 
consequence, is low. In many situations pay­
ments for the electricity provided do not even

cover the maintenance costs of the distribu­
tion lines. This leads to a poor economic per­
formance of power utilities and bad quality of 
the energy supply. As a result, annual world­
wide expenditures for grid based rural elec­
trification fell between 1981 and 1990 by 50 
% to about 7 billion $. Grid based electric­
ity in rural areas is used for a complex set of 
tasks: it is used for a wide scale of commer­
cial and agricultural activities, it is used in the 
public sector for telecommunication, drink­
ing water provision, health services, schools 
and street lighting and it is used, last but 
not least, for private household lighting, in­
formation and entertainment and household 
appliances. In the following, this paper will fo­
cus on the application of electricity in private 
households. Recognising the limits of grid 
based centralised power supply, we will ad­
dress the question: is there a solution based 
on solar energy which is superior to the can­
dles and kerosene lamps, to the dry cell bat­
teries or car batteries for radio and TV" used in
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Figure 1: Electrification rates of rural households in the years 1971 and 1981 [Worldbank 1996].

non electrified rural households today.

The Solar Home System as a small, indi­
vidual solution

The designation “Solar Home System” has 
become a well-defined concept. A 50 W pho­
tovoltaic module typically supplies power for 
three lamps and a black and white television 
in a single household. A lead-acid battery with 
a charge controller stores the energy from the 
day for the night and tides over two to three 
overcast days. Depending on the size of the 
local market, customs duties, taxes and the 
share of locally manufactured components, 
the cost of a Solar Home System is between 
US$ 500 and US$ 1500. Under favourable 
conditions, Solar Home Systems offer cost ad­
vantages over the classic alternative for elec­
trification, the extension of electricity grids 
into sparsely populated regions and connec­
tion of power lines to all rural households. 
The World Bank assesses the average cost 
world-wide of grid extension to be US$ 900 
per household. In unfavourable cases, with 
long distances, difficult terrain and low popu­
lation density, a power line for one household 
can cost many thousands of dollars.

The investment needed for this cannot be 
financed via the low energy consumption of 
rural households, which ranges between frac­
tions of kilowatt-hours and a few kilowatt-

hours. Political decisions to electrify rural ar­
eas despite this imbalance have contributed 
to electricity utilities becoming indebted in 
developing and threshold countries, so that 
necessary investments to modernise distribu­
tion grids and power stations cannot be fi­
nanced. The result is the poor quality of the 
electric power supply, which can be observed 
in many regions around the world. Increased 
privatisation of the power supply is intended 
to provide a remedy to the described situation. 
Decentralised electrification with privately fi­
nanced Solar Home Systems fits in perfectly 
with this aim and is therefore actively sup­
ported by the energy planning authorities of 
various countries and by multilateral organi­
sations such as the World Bank, see figure 3.

Light, allowing information and communi­
cation for private users, light, which length­
ens the working time into the evening in farms 
and shops, schools and community centres, 
cannot be underestimated in its importance. 
Solar Home Systems can provide this light. 
Electricity also solves other supply problems. 
Workshops, food storage and processing, in­
frastructure tasks in health services and ad­
ministration, and the development of tourism 
demand higher daily amounts of energy and 
power than can be supplied by a Solar Home 
System. The next electrification stage con­
sists of larger individual systems and then lo-
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Figure 2: Solar Home System - individual power supply for single households.

cal networks.

Hybrid systems for power supply in the 
kilowatt range

The usual supply levels, classified accord­
ing to small and medium loads, and local, 
regional and national supply with the cor­
responding voltage levels and power ranges, 
are illustrated in figure 4. Photovoltaic power 
technology is cautiously expanding into the 
range “supply of small and medium loads” at 
present. To increase supply reliability (back­
up with different generators), or to reduce the 
investment for very large photovoltaic arrays 
or very large batteiy storage units, systems 
to supply daily loads of several kilowatt-hours 
or more are typically constructed as hybrid 
systems: a diesel generator, a photovoltaic 
generator and possibly other generators for 
wind energy or hydroelectric power comple­
ment each other in supplying power. A battery 
bank and possibly other units for short-term 
energy storage ensure that power is available 
at all times. Power is distributed to the loads 
with AC voltage of the usual frequency and 
amplitude.

The concept of hybrid systems is not new. 
During the past two decades, several hundred 
hybrid systems were constructed, operated 
and evaluated with the support of the Ger­

man Federal Ministry for Education, Science, 
Research and Technology BMBF and the Eu­
ropean Union EU, European utilities, and na­
tional and international funding bodies, also 
on other continents.

Hybrid systems should meet the following 
power supply specifications [Bopp, 1997].

• continuous (24 hour), highly reliable 
power supply with single-phase or triple­
phase AC voltage.

• provision of sufficient power to operate 
electric motors.

• Compared to a diesel generator, which is 
operated on demand for several hours a 
day, a hybrid system should:

• considerably reduce the fuel consump­
tion, the number of operating hours and 
thus the replacement and maintenance 
costs for the diesel generator.

Many of the installed systems have suc­
cessfully met these goals. The technical fea­
sibility has been proven beyond doubt. How­
ever, there are still unanswered questions re­
garding larger hybrid systems, more obviously 
so than in the case of the Solar Home Systems 
discussed in the first section.
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Figure 3: Sukatani, the first SHS pilot village in Indonesia, was the origin of the currently run­
ning 50 MWp programme to electrify one million rural households (Photo: Fraunhofer ISE)

Configuration alternatives for photovoltaic hy­
brid systems

The majority of lower power hybrid systems 
now installed falls into one of the two follow­
ing categories: DC-connected systems or AC- 
connected systems (figure 6 and figure 7. The 
system illustrated in figure 6, with the input 
energy flows connected on the DC side of the 
inverter, has proven its functionality in many 
systems installed in the field. Reliable com­
ponents are commercially available. However, 
the need for individual charge controllers, or 
rectifiers including a charge-controlling func­
tion, can lead to systems with relatively com­
plex structure and thus to higher investment 
costs.

Concentration of all load flow control tasks 
in a bi-directional inverter, as shown for the 
system in figure 7, can lead to simpler system 
structures. However, at present only a few 
inverters are available on the market, which 
have proven their reliability in operation and 
could be used for this complex task. There­
fore, it is not yet possible to compare costs for 
both concepts on the basis of field experience.

The concept of AC connection can be devel­
oped further, if the photovoltaic generator is 
also equipped with its own inverter. Then the 
photovoltaic power would also be fed into the

AC side of the bi-directional battery inverter.

Village Power Supply systems
While Solar Home Systems for the decen­

tralised power supply of rural households are 
considered to be a standard system, ready for 
the market, and while the suitability of PV 
hybrid systems to power single houses has 
been proven in various pilot and demonstra­
tion programs all over the world, this positive 
experience is up to now not available for cen­
tral power station to supply remote villages 
with off-grid PV power. Nevertheless is the 
research and development in rural electrifica­
tion more and more directed towards theses 
systems. The main reason is, that with a cen­
tral system, installation and operation costs 
may be lowered compared to the single house 
supply option. As today more and more elec­
tric utilities enter the off-grid market, their 
interest is to lower as much as possible the 
cost for operation, maintenance, money col­
lection etc. needed to assure a durable en­
ergy service. Experience, and reports from 
those having been involved in PV dissemina­
tion programmes for rural electrification, con­
firm that technical problems in the village 
supply are not the main barrier which prevent 
lasting success. Rather, an appropriate intro-
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duction method, user involvement at various 
levels, and planning which allows flexible re­
action to the situation as it develops, are nec­
essary to achieve optimal joint use of the lim­
ited resource. Today there are technical com­
ponents, like inverter, charge controller, en­
ergy management systems, available in var­
ious countries, that are much better suited 
and matured, than they have been in the early 
demonstration projects. The R&D efforts in 
the development of village power supply sys­
tems are now focused on the fair distribution 
of the energy available, and a suited limita­
tion of the power consumed by each single 
household. Prepayment schemes or energy 
limiters, that are metering energy consump­
tion in each single household and cutting the 
load, if the pre-set values or the energy budget 
has been consumed are in development and 
demonstrated in several companies and inter­
national pilot programs. A typical represen­
tative is TRANSINDO, the French-Indonesian 
project on village power supply of four remote 
villages in Indonesia, each consisting of 300

to 400 households, The use of a specially de­
signed energy payment meter shall guarantee, 
that the different users can adapt their energy 
behaviour to their needs and their economic 
capabilities.

Cost of energy service at the example of 
Solar Home Systems

In figure 8 left side the cost breakdown of 
a solar home system in the first year is pre­
sented on the basis of data available in a 
project on rural electrification carried out by 
the German Agency for Technological Cuper­
tino GTZ GmbH. As it is expected the instal­
lation costs, i.e. mainly the purchase costs 
of the different component are the dominating 
factor. The photovoltaic module typically rep­
resents the major single component of the sys­
tem costs In the first year, Including system 
installation and project management [Preiser 
1995],

Considering the cumulative costs after 20 
years however, the proportion for the PV mod­
ule decreases to 10-15%. The costs for battery
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Figure 5: The Rappenecker Hof. A power supply for the hikers’ inn in the Black Forest, consist­
ing of a photovoltaic generator, a wind energy converter, a battery bank and a diesel generator, 
started operation in 1987 (Photo: Fraunhofer ISE).

replacement as well as the efforts for mainte­
nance and repair become the most important 
factors. The reason for this shift in the cost 
distribution is the difference in the quality 
and reliability of the different components. PV 
modules are highly standardised and world­
wide validated certification procedures have 
been established, both leading to high-quality 
components. Up to now, no equivalent mea­
sures have been available for the balance 
of system components (BOS), i.e. battery, 
charge controller, installation material and 
the electric appliances. As a system is always 
only as good as the weakest link in the chain, 
the quality of these components influences 
the whole system. Users are not interested in 
module efficiency or generated ampere-hours. 
They desire a certain energy service, which 
is dramatically disturbed, if components like 
an electronic ballast or the charge controller 
fail. To achieve highly reliable systems, rec­
ommendations for the quality improvement of 
Solar Home Systems and their components 
have been prepared in different institutions 
together with industry partners world-wide 
and are currently being introduced and im­
plemented in national and international stan­
dardisation committees. To apply this in the 
practice of the currently applied market intro­
duction schemes these quality criteria have to 
be further developed and adopted by the rel­
evant partners in developing countries. Test­
ing procedures adapted to the local capabili­

ties and needs must be worked out and suit­
able “centres of expertise” to carry out detailed 
tests must be established. An overview on the 
quality criteria to be met is given in figure 9.

The guarantee of high quality standards is 
seen as a main necessity to bring in financing 
agencies and companies. Up to now, the risk, 
that is due to the uncertainty about the dura­
bility and the handling of PV systems can be 
identified as one of the main barriers for bank, 
insurance companies, private fee-for service 
providers, governments and last but not least 
the users of the systems to becoming involved 
in this new technology.

Technical quality aspects during the im­
plementation of PV stand alone systems 
for rural electrification

Certification of components and certification 
of systems will be an excellent basis for the 
qualification of PV stand alone systems for ru­
ral electrification. As described above various 
national and international activities are un­
der way to find globally accepted standards 
for Solar Home Systems. For a successful im­
plementation of Solar Home Systems in ru­
ral areas however further activities and more 
partners are involved. In the following the role 
of local manufacturers, local test laboratories 
and financing bodies are described [Gabler, 
Preiser 1998].

The role of local manufacturers
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Figure 6: A DC-connected hybrid system with a PV generator, wind energy converter and diesel 
generator.

The main components of small PV-systems 
are the PV module, the storage battery, the 
charge controller, if necessary a DC/AC in­
verter, the appliances (lamps, radio, TV sets, 
refrigerators, fans etc.) and the installation 
material (safety boxes, cables, plugs, sock­
ets etc.). While today and at least in the 
near future, the PV module will be imported 
from industrialised countries - in some devel­
oping countries the module assembly already 
started - all the other components are suited 
for local production. Of course these com­
ponents have to fulfil the high quality stan­
dards as well which are needed for all com­
ponents in a PV-system. This is the reason 
why in today’s* larger PV programmes for rural 
electrification often components from indus­
trialised countries are used. However, there 
are several reasons for the assumption, that 
in the near future - and in reality this de­
velopment has already started in many coun­
tries - good quality components will be pro­
duced locally. The proximity to the markets, 
i.e. close matching with the users’ needs and 
desires, the lower price of the components due

to the lower expenses for manpower and the 
better commercial situation (no import barri­
ers), the ability to repair and replace faulty 
components very quickly and the promotion 
by local governments show clearly that there 
is a large potential for local production. To­
day many local manufacturers work in joint 
ventures with industrialised countries which 
may bring benefits for both sides, quick estab­
lishment of a production line of high quality 
products for the local partner and increased 
market shares for the foreign partner. If lo­
cal producers make wise use of international 
and national quality rules and quality control 
bodies, they will increase their market com­
petitiveness considerably.

The role of local test laboratories 
The same arguments, which speak for the 

local manufacturing of components are valid 
also for local test laboratories. Price and 
proximity to the market accelerate the accep­
tance of such an institution in the respec­
tive countries. However, for the acceptance 
by local and foreign manufacturers, total in-
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Figure 7: An AC-connected hybrid system with a PV generator, hydroelectric turbine and diesel 
generator [Preiser 1997].

dependence has to be assured. The suc­
cess of local test laboratories relies strongly 
on the reputation of the staff and the qual­
ity of the managers involved. Quality assur­
ance of these institutions (accreditation) can 
be achieved through foreign testing bodies or 
international organisations, like IEC, TUV or 
others. As mentioned before the complemen­
tation of international norms and standards 
for local conditions is desirable and very of­
ten a prerequisite for the acceptance of these 
rules by manufacturers and users.

The role of quality control for financing bodies 
PV-systems have a high investment price, 

while the running costs are normally lower 
than those of the conventional alternatives. 
To overcome the barrier of high price for low- 
income customers, commercial credits or fi­
nancing systems are used all over the world. 
Therefore financing bodies will play more and 
more a key role in the dissemination of this 
new technology into rural areas. A basis for 
all decisions of financiers is the degree of risk

they have to face when entering the play­
ing ground. While national and international 
bodies have realised, that PV-systems for ru­
ral electrification may be good business in the 
future, today most financiers postpone the de­
cision to get engaged with this new technol­
ogy. To increase confidence, technical spec­
ifications and quality definitions, best repre­
sented by an internationally accepted qual­
ity seal, as well as positive experience in pilot 
projects are needed. Here also a wide field 
opens for organisations of international co­
operation and international lending organisa­
tions, like the World Bank.

User involvement
Experience with PV systems, that has been 

gathered at Fraunhofer ISE for more than 
15 years, shows that besides technical qual­
ity, the operators and users of the system 
play an important role in the long-term per­
formance and appreciation of the technical 
system [Preiser, Schweizer 1995]. The peo­
ple involved have ideas about the design, ad-
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Costs of Solar Home Systems
in the first year in 20 years (accumulated)
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Figure 8: Cost breakdown for Solar Home Systems [Njaimi 1992]. Left: year of installation. Right: 
accumulated over 20 years of lifetime.

vantages and disadvantages of the PV sys­
tem. The behaviour of the users influences 
the system’s performance tremendously, be­
cause they: purchase special components, 
sometimes install and/or change the system, 
use the energy, organise the maintenance and 
repair the PV system (or neglect to do so). It 
is evident that the functioning of PV Systems 
can be optimised if the interaction between 
the new technology and the new users can be 
improved. From this assumption, at Fraun­
hofer ISE we developed a user-centred ap­
proach on rural electrification, called “socio- 
technical system approach”.

The socio-technical system approach orig­
inates from work and organisational psychol­
ogy and was applied first to labour organi­
sations in Europe. When new technologies 
were introduced, it was found that not only 
the technology has to be designed according 
to the needs of the organisation, but also the 
social organisation needs restructuring to in­
crease the productivity [Sheridan 1981] The 
approach is based on the open system the­
ory [von Bertalanffy 1949] where the introduc­

tion of technology consists not only of hard­
ware and software but also of orgware [Butera 
1989], the human part of the socio-technical 
system. This approach has now been trans­
ferred to the use of PV systems, although their 
purpose is basic energy supply and not pri­
marily production. In the open system theory, 
a target system is defined, that may be further 
divided into subsystems.

The individual, who interacts with differ­
ent components of the SHS, is in the focus of 
the concept. Due to the fact that it is not a 
closed system, the levels above - e. g. tech­
nical components available in the country, 
maintenance work done by the village tech­
nician etc. - play an important role; as de­
scribed earlier. A properly reflected energy 
concept in the planning phase is the basis 
for the system design. But it is not only the 
quantity of components and their power con­
sumption, that finally determine the energy 
consumption in the PV system: The users 
have a decisive influence on the energy con­
sumed, on the energy management done to 
optimise energy available form the PV gener-
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Figure 9: Summary of quality criteria to be met in stand alone PV systems [Preiser 1995].

ator and their energy demand and they are 
the first level of maintenance (cleaning the PV 
module, re-filling battery water etc.). There­
fore involving them in the operation of the PV 
system, making them responsible for opera­
tion and maintenance is not only a measure to 
reduce the costs but also increases their own 
satisfaction with the energy service provided. 
The methodology and the results achieved are 
described in detail in [Parodi 1995], and [Par- 
odi 1998]

Klaus Preiser
Fraunhofer Institute for Solar Energy Systems
Oltmannsstr. 5, 79100 Freiburg, Germany
Tel.: +49 (761) 4588 216
Fax: +49 (761) 4588 217
E-mail: preiser@ise.fhg.de
http: / /www.ise. fhg. de
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Small Hydropower - Clean Energy for Villages

Andreas Hutarew

Introduction

Hydropower is one of the most challenging energy resources. The Com­
munity of Globe decided hydropower as one of the tools to reduce the 
carbon consumption worldwide and protect our natural resources.

background
Many of our so called developing countries 

have a high developed know-how potential 
within their countries. The question must be 
put, which technological transfer and cooper­
ation can be helpful? Other lectures given in 
this congress highlight potential and general 
mechanisms of transfers. I would just like 
to remind our political institutions that only 
their support in an efficient way will enable 
industries for success.

My personal relation to India and Nepal 
will demonstrate powerful capabilites growing 
from local resources, topped by international 
expertise.

Let be frank - expertise means reputation 
and respect at a same. And lets be honest - 
I found remarkable expertise in India, but as 
well the wish from governmental bodies and 
private investors to be secured for quality by 
international experts. Obviously the right mix 
of local capacities and international expertise 
grant for quality and trust and therefore suc­
cess!

Basics of export
Everybody knows that a good product is the 

base for a successful export activity. The best 
product is the one that meets the demands of 
the targeted area. Our product - energy sup­
ply; in your case -renewable; for a small hydro 
is needed everywhere.

The major restriction is availability of water 
and non-violation of environmental aspects.

To specify more, the physical parameters

viz head, the discharge, efficiency rate and 
grid situation for evacuation compete with le­
gal procedures like approvals, clearances, pri­
vate interests and environmental protection 
rules versus the financial setup, international 
support, Power Purchase Agreement and of 
course amortisation period are of paramount 
importance. It is our obligation as advisors 
to create the necessary trust and acceptance 
with those organisations being involved or af­
fected by the impact of establishing the hy­
dropower and to mitigate between the parties 
involved.

In fact it does not matter, whether we are 
growing a small or a huge hydro project. The 
expertise level must be comparably high and 
the link to the local community must be firm 
and stable. This fact, unfortunately, is quite 
often not properly considered.

Thus we come to our conclusion No. 1 
that the healthy mix of local and international 
experience makes the foundation for success­
ful export activities. There is only one differ­
ence: Whether we provide software or hard­
ware supplies or advisory services.

Its a small difference that makes success
Entering the market in new regions is excit­

ing, challenging and risky at a same. All com­
pany owners are fully convinced and satisfied 
with their own product. The market analysis 
provides tremendous demand. The local and 
international governmental support sponser 
the implementation of hydropower worldwide. 
Hydropower could therefore be the route of 
success - both business success and personal 
success !
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First of all we have to learn about possible 
competition and available local expertise and 
capabilities. The belief to be better must be 
transferred in modest politeness. The under­
standing of local tradition and the acceptance 
of the cultural and economical background 
must guide you for success.

The next approach is communication with 
the local experts and a sound knowledge 
about the existing systems. Studying the hy­
dropower will teach the expatriate expert and 
guide his own expertise to be enhanced on the 
existing. Once you are aware about the avail- 
abilty and the demand, you will be able to re­
alise projects in a higher quality than others.

Once you have upgraded yourself about 
the country of your business interest, you 
recognise the advantage to be an expatriate 
international expert. You will feel the prefer­
ence and trust that result from your respect 
to the new born clients.

We express our conclusion No. 2 that be­
ing a little bit superior than you competitors 
makes the entry In a foreign country smooth 
and more acceptable.

Oops - we did it again
Dr. Hutarew & Partner is a small consul­

tancy company with enthusiastic expertise in 
hydropower.

The companys philosophy to provide the 
full range of expertise in a package has been 
successful in Europe and started to be trans­
ferred in 1993 from our station in Dubai to 
India. The relation between the general man­
ager of close business friend in Dubai intro­
duced ourselves to the Indian business world. 
Best understanding between a locally compe­
tent partner, who understands the mentality 
of origin and destination - in our case German 
and Indian culture became the foundation for 
a trustful upgradation of myself. Travelling 
to India in the company of a local expertised 
partner helped to communicate and adapt the 
local scenario. It took two and a half years 
until we started our first projects for the big 
industries in Gujarat and provided services in 
the environmental sector.

Contact with local authorities, institutes 
and industries started to grow. We could feel 
how delightfully the Indian partners accepted 
our expertise to help them out.

The relation to people and the personal ap­

preciation developed our reputation of being 
sound and reliable expatriate business house, 
but still trust was not there that the “Jet set 
consultant” would leave and leave back unfin­
ished the required work.

We did the opposite. I admit that we had 
the luck to meet a local expert, who was not 
only excellent educated but as well capable to 
understand the transition between local and 
international standards. A personal relation 
and trusts of travelling together through India 
on project investigation as local advisor led 
to tiie setup of an India based international 
company in New Delhi. In 1997 we started a 
modest office with steadily growing staff and 
latest engineering tools. The communication 
between the European based head office and 
the local office works perfectly through e-mail 
and backstopping on demand. Quality control 
is implemented by company's rules and ac­
cepted and handled by the local staff in both 
offices.

Contacts with finance institutes and coop­
eration with all leading manufacturers lead to 
best performance for our clients. We advise 
and commit in BOT, EPC or other financial 
setups as well.

All these efforts do not substitute the ne­
cessity of the European Experts and myself 
to give the comfort of closeness by travelling 
to India. This comfort and the growing ap­
preciation for the Indian culture and better 
knowledge of the mentality have been one of 
the major aspects of leading us to our modest 
success.

My conclusion No.3 is thereafter: Consider 
your clients as partners.

Conclusions
In our small hydro world we are able to 

eliminate some major misunderstandings be­
tween international and locally grown exper­
tise. Manpower is one of the secrets in In­
dia and tough competition in education is one 
of the secrets of the future growing success. 
We avoided not to substitute manpower by 
communication tools and automative equip­
ments. Operating turbines can be imple­
mented like in Europe for unmanned and re­
mote supervision to increase reliability of the 
units. Manpower for screening support, main­
tenance and auxiliary support can be pro­
vided but must be extremely well trained.
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Trust in new technologies can be built up by 
transfer of knowledge and understanding.

The major reason for refusal of success 
comes not only from electricity companies and 
difficult governmental procedures but also by 
mistrust of international funding institutions 
as well. We have finalised the designs for hy­
dropower in the North of India since two years 
but still grid evacuation and power purchase 
agreements are hindering the setup.

We have learnt from past the worldwide 
conflict (deregulation) between the state elec­
tricity boards and private investment in en­
ergy resourcing. Their destiny was to fail ev­
erywhere, but in the process the infrastruc­
tural development of energy supplies got de­
layed. My last recommendation No. 4 would 
therefore be - let the government and their 
organisations learn from our mistakes in the 
past - permit the so called developed coun­

tries to perform and you will be able to help 
the people and the industries.

For us the development will continue; our 
reputation hopefully as well. Acceptance will 
grow and my staff members and myself will 
become accepted members of the interna­
tional hydro community, half German and 
half Indian. I believe in this being recom- 
mendable path for success.

Dr. Ing. Andreas Hutarew 
DR. HUTAREW & PARTNER 
Wilhelmshdhe 15 
75173 Pforzheim / Germany 
Tel: +49-7231 / 2000-0 
Fax: +49-7231 / 2000-66 
E-mail: hutarew@cs.com
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Solar Thermal Power Plants- A Clean 
Electricity Option for Agglomerations
Joachim Benemann

Abstract ^
Between 1984 and 1991, nine solar thermal 

power plants with a total capacity of 354 MWe 
have been installed in California. In the period 
between 1991 and 1996 there seemed to be a 
standstill with respect to further projects. But 
in the last years’ discussions on environmen­
tal pollution, attractive financing instruments 
and an increasing demand on electricity in de­
veloping countries (often located in geograph­
ical areas with high insolation) have created 
new interest in solar thermal power plants. As 
a new application for solar cells, the integra­
tion of photovoltaics into buildings was devel­
oped. The use of photovoltaics in residential 
homes and public/commercial buildings has 
created a new market for this technology.

Solar thermal power generation
During July 1997 five 30 MWe solar elec­

tric generation power stations, located in the 
Mojave Desert in California, USA, have set a 
new performance record. The solar-to-electric 
efficiency of the plant was 18% on an aver­
age and exceeded 20% between 9:00 a.m. and 
5:00 p.m. on July 1st this year. The elec­
trical output of the five plants reached 2,100 
MWe/h per day.

The plants were erected between 1984 and 
1987 by the American company LUZ which 
went out of business in 1991. The glass reflec­
tor trough system, the key component of the 
solar plant, has been supplied by the PILK- 
INGTON Group and manufactured in Ger­
many. Since 1991, when the two last 80 MWe 
solar thermal power plants were completed 
in California, no new plant has been con­
structed. The worldwide electricity demand is 
expected to grow by approximately 70% over 
the next 15 years, caused mainly by popu­
lation growth and the rapid industrialization 
of the developing countries. Solar thermal 
power technology could have the challenge to 
be the most successful type of solar technol­

ogy, suitable for most of these rapid growing 
\ geographical regions - that means countries 
j with fast growing industrialization are very of- 
| ten located in the sunbelt of the earth with 
I high annual direct solar radiation.

1
 Solar thermal concepts for bulk power 

generation

Five distinctively different solar thermal elec­
tric conversion concepts are available, each 
with a different level of operating and com­
mercial experience. Of these, parabolic trough 
and power towers are the most prominent. 
There are, in addition, two non-concentrating 
technologies: solar chimney and solar pond. 
Because of its R&D-status I do not want 
to make any further comment now. Also 
parabolic dish systems which are antici­
pated to have high development potentials 
and which could be ideally suitable for lower 
power classes from a few kW to a few MWe and 
particularly for remote power supplies will not 
be discussed with respect to the present focus 
on bulk power. Two main solar thermal con­
cepts for bulk power production have been de­
veloped and will be described in more details:

Parabolic trough systems 
The parabolic trough or solar farm consists 

of long parallel rows of identical concentrator 
modules, typically using trough-shaped glass 
mirrors. Tracking the sun from East to West 
by rotation on one axis, the trough collector 
concentrates the direct solar radiation onto 
an absorber pipe located along its focal line. 
A heat transfer medium, typically oil, at tem­
peratures up to 400C, is circulating through 
the pipes. The hot oil converts water to steam 
driving the steam turbine generator of a con­
ventional power block.

Solar power tower
The solar central receiver or power tower is 

surrounded by a large array of two-axis track­
ing mirrors, termed heliostats, reflecting di-
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Figure 2: Principle of trough

rect solar radiation onto a fixed receiver lo­
cated on top of the tower. Within the receiver, 
a fluid - water, air, liquid metal or molten salt 
have been tested - transfers the absorbed so­
lar heat to the power block where it is used to 
heat a steam generator.

Up to now the only commercially oper­
ated solar thermal power plants are based on 
parabolic trough technology. A comparison of 
parabolic trough and central receiver systems 
are given in table 1.

Economics of solar thermal power produc­
tion

Solar thermal power plants are basically 
conventional thermal power plants with a 
dual fuel source: converting water into steam

for the conventional steam turbine generator 
through concentrated radiation energy from 
the solar field and burning fossil fuels in the 
boiler. This integration of an intermittent so­
lar resource into a conventional power gener­
ation system is the solar thermal power sys­
tem’s conceptual advantage. Although "solar 
fuel” is free, the solar field of a solar plant 
represents nearly 50% of the total plant’s in­
vestment cost. However, the investment dol­
lars spent today actually prevents future fossil 
fuel from being burnt, thereby saving fuel ex­
penses. In the early 1980’s, when fuel prices 
were 50% higher than they are today, solar 
thermal power was a very attractive option. 
The technology, however, was then not fully 
developed. This scenario in the 1980’s was
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Figure 3: Parabolic trough power plant at Kramer Junction Company, California, USA
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Figure 4: Power tower test unit in Barstow, California, USA

the logic for the commercial start of solar ther­
mal power plants in California. Today, prices 
of around $ 20 per barrel of crude oil offer no 
full compensation for power producers to in­
vest in a solar field.

Solar trough cost degression

Due to over-capacities, technical advances 
of conventional power plant equipment and 
market pressures from low-tariff schemes of­
fered to independent power producers, prices 
have been cut down for conventional power 
plants. This market situation led to the re­
cent tendency to only finance larger unit sizes
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Figure 5: Tower principle
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for base-load fossil power plants. The so­
lar thermal parabolic trough power plant in­
dustry reacted to these market forces by in­
tegrating solar fields into gas-fired combined 
cycle plants. These project developments in­
dicate that such integrated solar combined 
cycle systems are able to offer a competitive 
base-load electricity cost of 5 - 7 cts/kWh 
at solar shares of 15 - 25%. By studying 
the economics of power tower systems such 
as the air-cooled 30 MWe plant called PHOE­
BUS proposed by a German industrial com­
pany and initially designed for Jordan, it is 
expected to be able to produce power at about 
US 12 cts/kW h with a solar share of 50%. 
Further cost reductions are anticipated for 
power towers in the 100 - 200 MWe class. Re­
spective test facilities such as the 10 MWe SO­
LAR TWO located in California are in opera­
tion to confirm the estimated cost reduction 
potential.

The sunbelt - A difficult power market for 
solar electricity

It is estimated that between 1991 and 2010 
approximately 900 GW of new thermal power 
plant capacity additions will be needed in the 
sunbelt, excluding capacity replacements and 
hydro projects. This region, with environ­
ments which are the most meteorologically 
suitable for solar thermal power plants can 
supply, in principle, more than 400 GW of this

market with solar power. Again, this means 
nearly half of the new thermal power plant 
capacities needed in the sunbelt in the next 
15 years can be, in principle, supplied by so­
lar thermal power stations. Considering that 
since 1991 no solar power plant has been 
installed, the environment for a successful 
implementation of large scale solar thermal 
power plants has changed significantly dur­
ing the last years. Two developments could 
be observed whose impacts are somehow re­
verse: On the one hand, investment costs for 
conventional fossil fueled power stations have 
been cut down dramatically due to heavy com­
petition and liberalization in the power sec­
tor. On the other hand, attractive financ­
ing instruments have been created in order 
to balance the investment cost gap between 
solar thermal and conventional power plants. 
The most prominent of these new financial in­
struments is the Global Environment Facility 
(GEF) administered jointly by UNDP and the 
World Bank which offers additional financing. 
Also the World Bank’s solar initiative and the 
European Union’s JOULE and THERMIE pro­
grams offer additional financing to support 
the introduction of solar thermal power plants 
on a larger scale to tackle the greenhouse ef­
fect, especially in the developing world where 
power demand is growing fastest.

In addition, joint implementation has be­
come an innovative financing tool. Joint
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Figure 7: Parabolic mirror
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implementation, introduced during the Rio 
follow-up conference in Berlin in 1995, is a 
new concept of cooperation for climate pro­
tection between the industrialized countries 
and the developing world. Utility compa­
nies in OECD countries recognized that in­
vestments in further reducing emissions in 
their own efficient facilities are far less effec­
tive than the same investment for rehabilitat­
ing plants or constructing new state-of-the- 
art power plants in the developing nations. If 
utility companies in industrialized countries 
are obliged to reduce the emissions from their 
power plants to a certain level, it would be 
more cost effective to invest this money in the 
third world. However, the incentive to invest 
can only exist if certain emission levels are 
binding for the utility companies through in­

struments such as the taxation of emissions, 
resulting in an expense which can be written 
off for the reduction of emission levels any­
where in the world by the same utility com­
pany. One of the large German utilities, the 
PREUSSEN ELEKTRA, is now participating in 
such a joint implementation strategy to get 
more experience in this field.

Among the seven actual solar thermal 
project developments, the project on the Is­
land of Crete could be the first one where joint 
implementation could be demonstrated. The 
project called THESEUS consists of a nom­
inal 52 MWe net solar power plant with an 
advanced parabolic trough collector field as 
the primary heat source. The project site 
is located on the Southern coast of West­
ern Crete which has one of the highest Eu-
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Figure 10: Market capacity of energy production

ropean solar radiation level of approximately 
2,300 kW h/m which is comparable to Sa­
hara Desert site locations. The power block 
is a conventional rankine cycle re-heat steam 
turbine. The solar field energy source is 
supplemented with an oil-fired boiler to sup­
ply steam during conditions of low insolation 
such as cloudy or rainy days. This is im­
portant to secure the nominal capacity when­
ever it is needed. Full turbine output can be 
achieved in any of the three modes of oper­
ation; solar only, oil only and hydrate mode. 
The solar field will consist of an advanced de­
sign based on the LS-3 parabolic trough as 
used for the latest 80 MWe plants built in 
California, but improved by a number of in­
novative features developed over the last five 
years in California. The plant will generate 
about 200,000 MW h and and will be able to 
produce electricity of about 9.6 US cts/kW h.

The total project investment will amount to 
about 150 million USD. The THESEUS project 
will reduce the Greek energy import bill by 
about 4,5 million USD per year as the so­
lar field will enable to avoid approximately 
27,500 tons of heavy fuel oil per year. Even 
more important, however, the solar power sta­
tion will replace about 2,700 day-time peak 
to mid load hours of costly gas turbine op­
eration whose fuel related power generation 
costs are as high as 15,2 US cts/kW h. This 
day-time peak stems basically from increas­
ingly strong growing tourism. The new solar 
power plant will not only enable the Cretan 
power sector to save on the order of 10 mil­
lion USD per year, but will also avoid approxi­
mately 200,000 tons of C02 emission per year.

Environmental benefits of solar thermal
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Figure 11: Incremental power plant capacity needs: 1991 - 2020

power generation
One of the most controversial environmen­

tal public debates of the last years addressed 
the effects of energy-related emissions. The 
largest source, contributing to nearly 50% to 
the greenhouse effect, can be attributed to 
energy-related C02 emissions.

Solar thermal power plants could reduce 
the C02 emission to almost a third of a Fuel#2 
based power plant. We have made calcula­
tions which show that an 80 MWe solar trough 
power plant avoids about 4,7 million tons of 
C02 emissions and could save more than 2 
million tons of coal equivalent over its 25- 
year lifetime. Also, the land demand which 
was discussed several times and seems to be 
an important factor shows that solar thermal 
power plants are extremely acceptable com­
pared with hydro, biomass or lignite based 
power plants.
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Table 1: Parabolic trough and central receiver systems
Parabolic trough Power tower

Applications Grid connected plants 
Medium-temperature 
process heat

Grid-connected plants
High-temperature pro­
cess heat

Experience Commercial with 9 
SEGS plants built
14, 30 and 80 MWe 
units
Total of 354 MWe in­
stalled
7200 GWh fed into grid 
Solar field availabil­
ity constantly exceeds
98%

Several test and demo 
units. Largest: Solar 
TWO: 10 MWe

Commercial sta­
tus

Continuous operation 
since 1984, accumu­
lated revenues of more 
than US$ 900 million

Turn-key offers have 
been announced by 
manufacturers

Advantages Commercially available 
Solar-fossil/hybrid 
concept proven
Storage capability 
Integration in com­
bined cycle designed 
Further cost reduction 
potential anticipated

Good long-term per­
spective for high con­
version efficiencies and 
storage at high temper­
atures
Significant further cost 
reduction potential an­
ticipated
Solar-fossil/hybrid op­
eration possible 
Integration into com­
bined cycles possible

Disadvantages Lower temperatures re­
strict output to moder­
ate steam qualities due 
to temperature limits of 
oil

Capital cost projections 
not yet proven
Operating projections 
and system reliability 
not yet proven
Promising salt receiver 
not yet proven

Country Capacity (MWe) Plant type
Greece (Crete) 50 Rankine Cycle (SEGS1 California)
Egypt 100 Rankine Cycle (SEGS California)
India (Rajhasthan) 200 Combined Cycle (ISCCS2)
Iran > 200 Combined Cycle (ISCCS)
Jordan 30 or 100 Tower or SEGS
Mexico 312 Combined Cycle (ISCCS)
Morocco 55 or 150 SEGS retrofit for coal power station or ISCCS
Namibia 150 or 300 SEGS or ISCCS

Table 2: Solar Thermal Parabolic Trough Power Plants Actual Project Developments
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The solar thermal vision
A possible market success of solar ther­

mal power plants will heavily depend on the 
choices made between environmental protec­
tion and the lowest possible electricity genera­
tion cost. As these are in many ways mutually 
exclusive, the final outcome will depend on 
both energy policy decisions and international 
support for responsible environmental actions 
in a climate of scarce financial resources. The 
message we are able to give is clear:

• solar thermal power plants are techni­
cally fully developed;

• parabolic trough plants are commer­
cially proven;

• solar thermal power is politically desir­
able and is close to being nearly compet­
itive;

• the use of solar thermal power can re­
duce emissions on a global scale.

The crucial steps for solar thermal projects 
include the establishment of adequate com­
pensation rates for clean electricity which cre­
ates appropriate incentives from financing or­
ganizations and governments to make solar 
thermal power competitive and to include so­
lar thermal power generation into a general 
environmental protecting strategy.

Joachim Benemann 
Managing Director 
Flabeg Solar International 
Miihlengasse 7 
50667 Koln 
Germany
Tel.: +49-221-925970-2
E-mail: joachim.benemann@flabeg.com
Web: www.flabeg.com
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Wind Energy - Grid-and off-grid Applications 
in Developing Countries
Aloys Wobben

Introduction

The following presentation will give the background on the world energy- 
situation, then focus on wind turbines, followed by the application of 
wind energy.

World energy situation
To take a historical perspective: before 

James Watt was born, humans used biomass 
almost exclusively. Increasing industrial ac­
tivity brought increasing consumption of fos­
sil fuel resources. Now, energy reserves are 
noticeably reducing.

If we do nothing, worldwide energy con­
sumption will continue to increase dramati­
cally, until about 80 years time, when all re­
serves will be spent. One solution is to start 
immediately using renewable energies, and 
dramatically increase their usage each year, 
as per figure 1 on the next page .

The trend of oil prices over the last five 
years is very noisy: the market is quite hec­
tic and volatile. It is estimated that in the 
absence of political influence, it climbed, on 
average, about 8% per year. In five years, that 
results in an increase of about 50%.

Wind energy and Enercon
I started with Enercon in 1984. We’ve in­

stalled a total of 1.9 GW of generating capacity 
to date. We employ 2500 people directly, and 
had a turnover in 1999 of 865 million DM. 
Our production floor encompasses 130.000 
m2. We export to nineteen countries.

According to the necessary projected in­
creases in use of renewable energy resources, 
our target is to produce large volumes of ma­
terial. We started by only doing R&D, and 
making prototypes. We originally made wind 
turbines with gearboxes, then moved away

from them when we found better solutions. 
At this point, we could produce large quan­
tities. We’ve developed specialty areas as well, 
in blade and generator production.

Our export activities started in Europe, 
then expanded to India and South America. 
We are hoping to expand further, and bring 
wind energy to other parts of the world.

Developments at Enercon
There remain many issues for R&D. A large 

group and Enercon is electrical and electronic 
engineering. For example, a large wind tur­
bine with a 1,8 MW capacity has 24 micropro­
cessors on board - it is a very complex ma­
chine. It’s more or less a robot with a job to 
produce kW h. Plans for unusual situations 
have to be made, such as shutting down in 
the event of lightning strike, and being able to 
start again three minutes later.

The mechanical parts, such as towers and 
other components, involve very detailed fi­
nite element calculations, which include per­
formance predictions over a twenty year life­
cycle. Twenty years might sound short, par­
ticularly when compared to a human life 
span. However, we have to cut out fingernails 
from time to time; we reconstruct regularly. 
Wind turbines, however, must simply be de­
signed very well the first time.

The need for reliability
As mentioned earlier, gearboxes were not a 

good solution with wind turbines. A wind tur­
bine without a gearbox does as many revolu-
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Figure 1: Energy for the World

tions in ten years as a standard wind turbine 
does in thirty days. The stress on a gearbox 
is tremendously high; it's better not to have a 
gearbox.

Components like bearings are also a prob­
lem when designing machines which must 
last 20 years. All bearings have a maximum 
load, and they also have a minimum load, 
which is much harder to define. The bear­
ing must only operate between the maximum 
and minimum load. Taking our example of 1,8 
MW bearing; it should be operating in twenty 
years, and possibly even for thirty years. How­
ever, if the speed increases to 1.500 rpm, 
there is no chance it will survive its full work­
ing life.

Quality is very important for wind tur­
bines. The flange for the tower, for example, 
is bolted in place with a pre-stressed bolt. If 
there is a load on the tower, the pre-stressing 
is reduced. The pre-stressing is not dropped 
to zero, but it is reduced. This way, the bolt al­
ways has stress from only one direction. If the 
machine flange is badly machined, the screw 
must deform the flange. This is a strain on the 
bolt before any load from wind appears. To 
produce a good car is easy by comparison, be­
cause the working hours of a car are so much 
lower than a “simple” flange.

Power storage
Storage systems are another focus; how to 

store energy so energy can still be delivered 
when there is no wind. The autonomous grid

is a complex thing, but it’s where we must 
work. A niche market solution is a high- 
efficiency solar inverter.

Power consumption in Germany doesn’t 
tend to fluctuate badly throughout the year, 
but it is apparent that power consumption is 
much less at night than during the day. Dur­
ing the day, there are also peak periods. Re­
newable energy faces a large challenge in deal­
ing with this. It’s also worth noting that in 
many places, such as small islands, the swing 
from night to day is much stronger, and the 
peaks can be more pronounced.

To deal with this problem, we’re work­
ing on storage systems incorporating batter­
ies and flywheels. We’ve found that an im­
portant area of R&D focus is improving bat­
tery life. The flywheel is important for power 
peaks or for grid stabilization. This can be 
augmented using a diesel drive, connected to 
a synchronous machine to give better power 
quality. We’re very happy with the flywheels 
we’ve produced. They’re not built for 20.000 
rpm service; they’re built for a long life of 
service, and they’re not the hazards some of 
their high-speed counterparts are reputed to 
be. For fifteen years, I worked on designs for 
20.000 rpm flywheels, but they were essen­
tially dangerous.

The solar inverters we’ve installed are an­
other side project. They have a capacity of 
up to 840 kW. These inverters were specially 
designed for high efficiency with solar appli­
cations. As an example, we’ve installed a 300
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kW wind turbine with a solar plant, on an is­
land.

Desalination
A new technology for us is desalination. 

There is a good market for it; there is certainly 
a need for good drinking water. A combination 
of wind energy and desalination is a wonder­
ful thing.

We have set up such a system on the is­
land of Syros, in Greece. A new feature of this 
plant is the fact that we need 30% less power 
than a standard system of equal production. 
We have done a similar, but smaller, desalina­
tion system on Teneriffe. We like to maintain 
experience with different sized systems.

Conclusion: Enercon at home and abroad
Our partnerships in India and Brazil are 

working well. We continually bring people 
from the daughter companies to Germany for 
technical and professional exchanges.

One project in Germany, in Hanover, near 
the expo site, is a small farm site, consisting

of livestock such as cows, pigs, and sheep, a 
small cheese factory, and farmhouses all pow­
ered by different power supplies. The power 
supplies include wind turbines, solar PV, and 
biogas. There is a small local water treatment 
plant, and a block-type terminal power sta­
tion. The setup is fairly complex. The commu­
nity is served with electricity, heat, and cool­
ing from these renewable energy sources. For 
us, this has been an excellent learning expe­
rience on handling different energy sources.

Aloys Wobben 
Managing Director 
ENERCON 
Dreekamp 5 
26605 Aurich 
Germany
Tel.: +49-4941/927-112 
Fax: +49-4941/927 146 
email: fritsch@enercon.de 
Web: www.enercon.de
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Energy from Biomass - New Applications in 
Developing Countries
Hartlieb Euler

Introduction

Biomass technology is such a wide field that we have to focus on, con­
centrate, and select one of the parts.

The portion we’ve selected is the anaerobic process. However, even among these processes, 
we have to just take a small selection. Just to get an overview of some of the processes, we 
have combustion, gasification, charcoal making, biodiesel, anaerobic processes, and production 
of biomass.

Overview of biomass based production
In principle you organize the processes into 

primary energy production, which is a process 
in which you invest energy into the produc­
tion of biomass to make energy from it. As 
one example, I was just visiting a very inter­
esting production site in Brazil, where they 
produce some 3000 km2 of eucalyptus and 
make charcoal for national steel production. 
Another primary energy carrier is grass pro­
duction, which start to be used in some large 
farms in Germany now for anaerobic digestion 
now.

All the other processes are based on sec­
ondary biomass, which is waste biomass from 
animals, humans, and plants. Most impor­
tant, of course, is direct combustion and 
charcoal making for household energy pur­
poses. Some 2 billion people depend on that, 
and those programs that try to improve effi­
ciency on that type of energy are the most im­
portant; they’re the most broadly based with a 
big impact. The German Global Development 
Co-oporation is doing important research and 
development activity in this field, in a number 
of countries.

Biodiesel and gasification are fairly stag­
nant at the moment - there’s only slow 
progress to be reported on. I’m going to con­
centrate on anaerobic processes which aren’t 
very well known.

Introduction to anaerobic digestion
Most of you who know something about 

anaerobic processes. Normally, it’s small agri­
cultural biogas plants which are being dis­
cussed. In other sectors it is rather municipal 
sludge plant.

This is a discussion on the majority of ap­
plications. Basically, you have wastewater, 
you have sludges, and you have solid wastes 
which can be treated anaerobicly. They derive 
either from agriculture, industry, or munici­
palities.

Different technologies exist for different in­
dustries. If you look at the industrial por­
tion, you see there is another variety of about 
twenty to thirty applications, if you think 
of the different industries. This shows how 
many different technologies are available on 
the market, and sometimes need to be devel­
oped.

There are at least nine common, distinct 
technologies. If you look at the industrial ap­
plications, you can multiply it by twenty - the 
number of significant, different industries re­
quiring anaerobic methods. You have very dif­
ferent sizes of course - you have applications 
with a cubic meter size, or five cubic meters, 
up to five to ten thousand cubic meter indus­
trial plants.The range of investment is equally 
large, from $200 for a small unit in Sri Lanka 
up to $200 million for a veiy large plant now
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being built in Spain. The range is 1:100 000, 
even 1:1 000 000 in terms of sizing and cost, 
so sometimes the discussion about anaerobic 
technology is very confusing, because people 
are often talking about different issues.

You have a differentiation as well between 
northern countries and southern countries. 
Anaerobic decomposition, as most of you 
know, is just the decomposition of organic 
material without air. This is much easier 
when it’s warm - the bacteria like it warm. 
The southern countries are more suitable for 
anaerobic digestion, even though at the mo­
ment the technology moves a little faster in 
the northern countries.

Among the nine different applications 
which are possible, and where exist differ­
ent technologies, there is an option to com­
bine some of these technologies. It’s called co­
fermentation, where you typically use either 
wastewater sludge and solid waste together or 
industrial, municipal, and agricultural waste 
together. This is another type of technology 
which needs to be discussed and looked at.

There are different objectives and different 
countries, in term of budget, and in terms of 
natural conditions. As such, there is a wide 
range of anaerobic technologies, which exist. 
We have to be very careful when discussing 
biogas or anaerobic technologies and be very 
specific and precise about what we re talking 
about.

Energy production
To give you a little idea about the different 

objectives which exist for the application of 
the technology, we’ve focused mainly on en­
ergy. The focus doesn’t really need to be on 
energy: often it’s in completely different areas.

The production of renewable energy is for 
the transformation into electricity, or heat and 
cold storage, which isn’t broadly applied yet. 
It’s also for direct gas use, in which you are 
saving process energy - a very important pa­
rameter. For example, most of the sewage 
treatment plants in southern countries which 
stop operation, this is not for technical rea­
sons or because of a lack of trained people, 
but simply because the electricity bill hasn’t 
been paid. Large aerobic sewage plants have 
a very large energy input, and often the mu­
nicipalities aren’t willing to pay for it over the 
long term.

There is also a very large portion of pos­
itive climatic effect. It’s not only a produc­
tion of renewable energy and reduction of 
C02; 50% of the effect on average is a re­
duction of wild methane emissions. If you 
have a pond of industrial wastewater, there 
are huge emissions of methane over a 10- 
year range. Methane has an effect 52 times 
higher on the climate than C02. In discus­
sions of climate and methane, wild methane 
emissions are often not emphasized the way 
they should be. Anaerobic digestion technolo­
gies can cover both reduction of C02 with the 
use of renewable energy, and the reduction of 
wild methane emissions.

Solid waste treatment stabilization and 
separation.

This isn’t a widely applied process outside 
Germany - Germany has about 100 plants of 
this type. This is not the landfill capturing of 
gas - it’s biogas plants process that use and 
digest solid waste. Either the biological por­
tion from separated waste, or the full share of 
the waste can be treated anaerobicly. There is 
a huge amount of gas that comes out and is 
used for electricity production. In Germany, 
all the major cities have such plants. Outside 
Germany, there are one or two plants each in 
Denmark, Holland, and Sweden. Within the 
southern countries, this modern technology is 
barely applied as yet.

Of course, the energy portion is impor­
tant, as it’s producing energy, not using en­
ergy. The same applies for wastewater treat­
ment and water resource protection. Wastew­
ater treatment has an energy requirement. If 
you treat the wastewater anaerobicly, you can 
produce energy while if you treat it aerobicly 
you consume a lot of process energy.

There are two different processes between 
southern and northern countries: in southern 
countries you can treat sludge and wastew­
ater jointly, mostly in UASB plants, and in 
European countries you can only treat the 
sludge, because the wastewater is too cold. In 
European countries, sludge reactors are used 
within activated sludge systems.

Soil improvement and the production of com­
post andfertilizers

Fertilizer production has a huge energy re­
quirement which needs to be calculated into
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the overall assessment. There are other ben­
efits to using anaerobic technologies to pro­
duce fertilizers, like hygiene and smell. Re­
duction of space is another advantage, which 
is often crucial - you need no room for land­
fills or wastewater ponds. Sludge reduction is 
another factor - according to World Bank cal­
culations, 50% of municipal wastewater treat­
ment costs are sludge disposal costs. If you 
use anaerobic treatment for wastewater, you 
reduce the sludge considerably.

Another particularly important point for 
the south is the reduction of deforestation. 
Anaerobic plants can provide household en­
ergy, and reduce impoverishment of soils, pre­
venting desertification.

Focusing on more details of the operations, 
we have the following.

Industrial wastewater 
A general application for large-scale is in­

dustrial wastewater, which has a fairly long 
tradition in southern and northern countries, 
but only for large industries which can afford 
them - these plants are normally quite expen­
sive. As such, you only tend to see them used 
by the large companies, like coca-cola, brew­
eries like Heineken, and so on. You’ll find 
them in Nigeria, Vietnam, Germany, and Hol­
land. The drawbacks in this area are

• cost reductions for small to medium ap­
plications aren’t there.

• specifications for different kinds of 
wastewater are lacking.

• investment into smaller plants is not yet 
sufficient.

Agricultural sludge
Another widely-known general application is 

agricultural sludge. It is quite commonly used 
in southern countries, quite often in China 
and India. It’s also used in northern coun­
tries, in the form of agricultural biogas plants. 
For example, in Germany we are currently 
moving quickly into further dissemination of 
that technology, mainly based on a feeding 
price - the feeding price has been increased 
in Germany to 8 or 9 cents at the moment. 
Also, the slurry from agricultural farms must 
be stored - it can’t be applied to the land at 
any time, so you need a storage that changes

the cost relation. There is a big move in Ger­
many toward agricultural biogas plants, but 
of course the larger share is in other coun­
tries.

What is interesting here is that wastewater 
can only be mixed with municipal wastewater 
in the southern countries - this is a technol­
ogy which doesn’t exist in the north due to the 
temperatures which only exist in the south. 
This is a major hindrance to the technology 
of anaerobic treatment of municipal wastewa­
ter, because all the technology exporters and 
financing companies don’t know much about 
that technology. They continue to apply aer­
ated systems which are about twice as expen­
sive. This is a big mistake, as it is too ex­
pensive. Southern companies need to concen­
trate on this approach, even though experi­
ence is not very broad yet.

Another approach where you only have ap­
plication only in few countries is anerobic 
solid waste treatment. This has only been ap­
plied in Germany so far.

The dimension of applications we all know 
- India and China have very strong applica­
tions in the agricultural sector. China has ap­
plications numbering in the millions, India in 
the hundreds of thousands.

There are typical solid-waste treatment 
plants, serving about 50 000 people or more, 
operating in Germany now. They’re integrated 
into a natural setting, in an area where you 
don’t have to worry - there are no neighbors 
close by. The insides are clean, and don’t 
smell, as everything inside is housed. Produc­
tion for a unit serving 50 000 people is about 
2 000 000 kW h.

Let me give you one reason why solid waste 
treatment is interesting when you use an 
anaerobic process. Most of the substances, 
which we want to treat are more suitable for 
anaerobic treatment because they are wet. If 
you look into the overall mass which occurs 
to be disposed of, 99.9% are water and or­
ganic biomass. Our concentration on biomass 
is much too limited. If you concentrate on 
that portion, if we talk about disposal and dis­
tribute our costs, we could save money if we 
focus and put wastewater, sludges and solid 
waste into a joint disposal and treatment ap­
proach.

I want to give you one example why it is 
important to look into organic waste. That is
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an example in Brazil, where they take all the 
municipal and industrial solid waste together, 
separate it by hand, and make compost out of 
it. This happens even in a country where you 
have a lot of land, where organic is not very 
important, and where even the energy portion 
isn’t so important.

To give you an idea of potential, there is 
a potential to generate 1 500 MW in Brazil, 
for example. In Germany the figure is 750 
MW. Altogether, worldwide, we reach a total 
of something like 75 000 MW. The world-wide 
energy potential from anaerobic waste diges­
tion , not using primary biomass, would be in 
the vicinity of 1 000 000 MW installed. So far, 
we have much less than 1% of that. If you 
look at solid waste treatment costs, you see 
there is a considerable potential for anaerobic 
digestion. The costs have been reduced, be­
cause in Germany aerobic digestion systems 
have to be housed. Because of this, the costs 
of aerobic digestion have gone up - it’s a com­
petitive technology.

The main difference in how anaerobic 
wastewater sludge works in developing coun­
tries is that it is distributed from the bottom 
and treated by a bacterial bed. The main dif­
ferences are that you have to put in aeration 
(about 100 kW), and you get a loss of heat 
from the aerobic system. You get about 30 to 
60 kg sludge from an aerobic system. From an 
anaerobic system, you get 10 to 12 kg CSB. 
You get a lower decomposition, but you only 
get 5 kg sludge. You produce 285 kW h and 
you don’t need to put any energy in, which 
makes a huge difference.

These calculations were made on a veiy 
conservative basis. We have surveyed 
200 plants in 16 countries worldwide, and 
compared activated sludge systems with 
anaerobic treatment systems on a same- 
decomposition basis. We came to the result 
that in investment cost and operational costs, 
anaerobic treatment reaches less than 50% of 
the overall cost.

I want to describe one more example for 
innovative industrial wastewater treatment - 
it’s a UASP (called InWaSia, which we have 
developed and built 2 prototypes) for smaller 
applications which can be standardized and 
put into a container. It has plastic compo­
nents, and swims on the surface - you can 
put it into a pond instead of a concrete con­
struction. This reduces costs by about 50%.

Another example is an integrated co­

fermentation we have built, with industrial, 
solid waste, and agricultural waste. It’s some­
thing which is on the move in Germany at 
present. This reduces costs by integrating 
heat and electricity production.

Another example is an apartment building 
where wastewater and solid waste treatment 
are being applied in the bottom.

The main conclusions are

• present applications are not widely 
known. There is much broader applica­
tion yet in the sector.

• advantages include reduced energy con­
sumption and increased energy yields.

• other advantages are environmental pro­
tection, health, hygiene,

• makes it possible to reduce costs, in­
crease exports and employment.

What is most important is an intersectorial 
approach - we can’t just calculate anaerobic 
technologies on an energy basis alone. We 
need to include wastewater, soil, and hygiene, 
climatic effects. We need to move the political 
framework in this direction, and set examples 
in some countries.

There are some very big programs running 
at the moment in Nepal. The KFW is doing a 
big program in India. UNDP is doing a farily 
big program. US aid is now in Jordan, ADB in 
China looking into the sector. The World Bank 
is doing things in Latin America, with the IDP. 
But technical and management instruments 
are not sufficiently applied yet. We have to 
look into the financial way these technologies 
can be financed to integrate the external costs 
into that technology. That’s one of the best 
way to get an increased application organised; 
in Germany at the moment, it’s moving due 
to an increase in energy prices. We need to 
factor in environmental costs through polit­
ical measures, legislation, political pressure, 
sensitization, and education.

Thank you.

Hartlieb Euler — Managing Director 
TBW GmbH, Frankfurt/Germany 
E-Mail tbw@pop-frankfurt.com 
Tel.: +49 69 9435070 
Fax: +49 69 9435 0711
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Financing Renewable Energies - An 
Introduction
Michael Stohr

| Different kinds of investments requiring 
l different approaches to financing
I '

j Three types of investments 
i New investments in renewable energies in de- 
j veloping countries vaiy widely in nature, po­
! tential investors, and required capital. One 
I needs therefore to have a closer look on the 
1 kind of investment and to develop specific 
| adapted financing solutions for each type of 
j investment situation. In this paper three 
I types of investments are distinguished (see
] Table 1):
|
| 1. large infrastructure investments,

2. community investments, and
3. small private investments.

Specific situation of rural community and small 
private investors

While existing financing mechanisms are 
specialised on the first type of investments, 
the second and the third type are the most 
important ones to deal with in the renewable 
energy sector, because renewable energy tech­
nologies are usually applied decentrally and 
system and investment sizes are small com­
pared to usual investment volumes. Though 
decentral application of renewable energies is 
usually the most cost-effective solution of en­
ergy supply in rural off-grid areas, this fact 
implies a number of barriers to financing for 
the majority of renewable energy investments, 
like the inexistance of financing institutions 
in rural areas or the too small size of required 
finance. The example sectors from which 
lessons can be drawn for developing solutions 
for financing small and medium size renew­
able energy investments are notably the agri­
cultural and the housing sector.

able energies in developing countries are no­
tably hydropower stations, but also increas­
ingly wind parks. Such power stations need 
electric grids - which themselves represent 
large investments - to transport the gener­
ated electricity to the consumers. Investments 
in fuel storage and transport infrastructure 
belong also to this category, but are not yet 
made for renewable energies, but still for fos­
sil petrol products and natural gas.

A well known financing situation 
The investors in large energy infrastructure 

are generally large, very often state-owned 
companies and the investment sums are in 
the range of several hundred thousand to sev­
eral hundred million EURO. Financing of large 
infrastructure investments in renewable en­
ergy use is therefore similar to financing of 
any kind of industrial or public infrastruc­
ture and well established financing mecha­
nisms exist. The problems which are to be 
solved are individual ones and not of generic 
nature, i.e. issues such as the liability of the 
investor, securities, etc. need to be solved, but 
in principle schemes for financing exist and 
need just to be applied. The situation is dif­
ferent at this point for community and small 
private investments, notably in rural areas of 
developing countries.

Community investments

The main energy source: wood 
When talking about financing of renewable 

energy technologies in developing countries, 
one has to keep in mind that some 90% of 
the energy needs of many developing coun­
tries are for cooking food and are met by fuel 
wood. Generally fuel wood, a renewable en­
ergy source, but in many cases not used in a 
sustainable manner, is collected without that 
the users pay for it and thus stays out of the 
flows and statistics of modem economy.

Large infrastructure investments
Large infrastructure investments in renew-
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However, financing becomes an issue to be 
taken care of for these 90% of the energy con­
sumption when one investigates mechanisms 
that preserve the forest ressources and make 
fuel wood use more sustainable. The investor 
in this case is usually a village community or 
some structure at village level like a coopera­
tive or some traditional social organisation.

The example of the Sahel region
An example region where the whole range 

of issues concerning fuel wood supply can be 
observed is the Sahel region in West Africa, 
well known for its dramatic drought in the 
1970s. As in many other developing coun­
tries, the energy sector in the Sahel region is 
characterized by the dominance of domestic 
energy consumption for cooking and the use 
of biomass such as wood, charcoal, dung and 
agricultural residues for meeting the domes­
tic energy needs. Wood is actually not used 
in a sustainable way and deforestation is dra­
matic, thus putting into danger not only the 
continuity of energy supply, but the ecologi­
cal balance of the region as a whole. The en­
ergy consumption of the Sahelian countries is 
strongly increasing, essentially because of the 
strongly increasing population.

The stronger environmental impact of urban 
wood consumption

The Sahelian fuel wood and other biomass 
consumption patterns differ strongly between 
urban and rural areas: while in rural ar­
eas essentially deadwood and agricultural 
residues are used for cooking and other do­
mestic heating requirements, the consump­
tion in urban areas is characterized by a large 
proportion of charcoal and wood from live 
trees. The wood for direct use or charcoal 
production for urban areas is cut in forests 
around, and sometimes far away from the 
main cities, thus leading to a strong depletion 
of the forest resources, especially along roads. 
Since for the production of 1kg charcoal 2kg 
wood is needed, the relative wood consump­
tion of urban areas is much higher than in ru­
ral areas. All this together leads both quanti­
tatively and qualitatively to a much more neg­
ative impact on the environment caused by 
urban areas than by rural areas. Hence, the 
need for a transition from the actual use of 
biomass to a new fuel supply situation is more

urgent in urban than in rural areas.

A successful development model: forest man­
agement by local communities

In the past the forest resource has gener­
ally been managed at the national level in the 
Sahelian countries. This has led to a lack 
of efficiency and consequently projects have 
been executed where the responsibility for for­
est management was transmitted to the local 
level, thus inducing a sense of responsibility 
of the local population and income genera­
tion possibilities via the sale of wood. Such 
projects included successful tree plantations 
(e.g. a project on 100,000ha in Burkina-Faso 
supplies now 10-15% of the fuel wood for the 
capital city Ouagadougou).

The role of local intermediates
The local management of forest ressources is 

an income creating activity. Its implementa­
tion requires the establishment of local com­
munity structures which deal with financing 
issues. These local structures can now play a 
decisive role in financing other investments in 
renewable energies, either for the community 
or for private persons. In Burkina-Faso for 
instance the income generated by local for­
est management and sales of fuel wood has 
been use to finance photovoltaic installations 
for drinking water pumping and basic electri­
fication.

More generally speaking, it can be said 
that intermediate structures at village or vil­
lage cluster level can serve as interlocutor for 
financing institutions which are themselves 
not present in the rural areas and can play 
a decisive role in financing renewable energy 
investments. The main vocation of such in­
termediate structures does not need to be the 
establishment of renewable energy systems. 
Structures which can fulfill the function of 
financial intermediates are for instance agri­
cultural cooperatives or housing associations. 
The organisational form can be both tradi­
tional or modern.

Investments in modern renewable energy sys­
tems
The same financing issues and potential so­

lutions exist for renewable energy community 
systems like e.g. photovoltaic drinking wa­
ter pumps. Since such modern renewable en­
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ergy systems require intermediate structures 
also for installation, maintenance, repair, etc. 
further options for financing solutions can be 
found by putting such tasks and financing in 
one hand. Such a solution are for instance en­
ergy service companies in rural areas which 
own and rent/ lease renewable energy sys­
tems.

Small private investments

A field similar to agriculture and housing
A very specific, but the most important 

field of renewable energy financing in devel­
oping countries is micro-financing of small re­
newable energy systems for rural areas such 
as photovoltaic solar home systems, wind 
pumps, wind generators, biogas reactors, so­
lar cookers or fuel saving cooking stoves. The 
issues encountered in this field are specific to 
small investments in rural areas. They are 
only specific to developing countries as far as 
many people in developing countries live in 
rural areas. The problems of and the possi­
ble solutions for micro-financing of renewable 
energy systems are similar to those existing in 
the field of agriculture or housing.

Decentralised renewable energy: often the 
least-cost option

A remarkable fact is that small renewable 
energy generators like solar home systems or 
wind generators are very often the least-cost 
option to meet the electricity needs in rural 
areas. This is opposed to the general impres­
sion that renewable energy devices, notably 
photovoltaic generators are expensive. The 
reason for this apparent contradiction is, that 
many rural areas are not reached by the elec­
tric grid - and grid extension is more expen­
sive than renewable energy generators.

The real cost of the elctric grid
When considering electrification in off-grid 

areas, one can make a simple first order cost 
comparision of costs by balancing the invest­
ment costs of a grid extension against the in­
vestment costs of an RE installation. A good 
thumb rule, which is valid accross the world, 
states that on average the costs for extending 
the electric grid by 1 km are approximately 
equivalent for the costs of a 1 kWp PV in­
stallation. (An installation with a power of 1

kWp provides about 1 kW at full sunshine.) 
PV installations are taken as a reference here 
though they still represent the most expensive 
form of renewable electricity generation. They 
can, however, provide electricity across a very 
wide power range and are thus best suited for 
a large number of household in actual off-grid 
areas. The mentionned thumb rule works well 
for small, e.g. 50 Wp, installations as well as 
for multi-kWp installations!

The striking result is that for almost all ac­
tual off-grid areas in the world even the still 
expensive PV systems can provide electricity 
in a cheaper way than an electric grid with 
conventional central power stations can. The 
reason for this is that the density of the elec­
tricity demand in most off-grid areas is very 
low, i.e. households need only little amounts 
of electricity and are generally far away from 
the existing grid and relatively distant from 
each other.

Costs of grid electricity in rural areas 
A more detailed cost evaluation allows for 

calculating the specific costs of electricity: 
more than 3 US$/kW h are the real costs of 
electricity in most rural areas of the world (in 
fact off-grid areas are generally rural areas, 
and many villages and households in rural ar­
eas in the world are not connected to an elec­
tric grid). However, nowhere electricity fees 
corresponding to the real costs of electricity in 
rural areas are charged to the customers, but 
rather those customers are cross-subsidized 
by urban customers or directly subsidized by 
the government. Hence the reason why those 
areas are still largely non-grid-connected in 
most developing countries.

PV systems, however, can supply electric­
ity for much less than that: between 0.5 and 
1 US$/kW-h (costs for depreciation, finance, 
maintenance etc. are estimated to be about 
1,000 US$/kWp/yr and the system yield is in 
between 1,000 and 2,000 kW h/kWp/yr de­
pending on the local climate).

The traditional solutions: kerosene and dry cell 
batteries

The comparision of grid extension costs 
and decentral electricity generation from re­
newable energy sources in incomplete if one 
does not take those electricity sources into 
account which are commonly used in non­
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grid-connected areas: Electricity generation 
by decentralised diesel generator sets is cost- 
effective compared to photovoltaic installa­
tions if the electricity need is above 2-4 
kW h/day (corresponds to about 400 to 800 
Wp for the PV generator power). Electricity 
supply by batteries which are recharged at 
the next diesel generator or at the next grid 
connection point is not cost-effective: it costs 
about 2 US$/kWh. Electricity from dry cell 
batteries, a very widely used form of electric­
ity for powering radios and TV sets costs even 
100 US$/kW-h!

Insufficient income versus lacking liquidity 
The question is why RE electrification of off- 

grid areas is actually not going on at a more 
rapid rate. In fact, the PV systems market in 
developing countries grows at some 15-20% 
per year, a dream value for other industries, 
but still to low compared to the potential mar­
ket.

One has to see that for a potential owner 
of a PV system in a developing country the 
decision to be made is between a PV sys­
tem and traditional alternatives like kerosene 
lamps and dry cell batteries, not between a PV 
system and an extension of the electric grid. 
Note that even the smallest PV systems (PV 
lanterns with about 5 Wp PV modul) provide 
a much better service than the traditional al­
ternatives (e.g. kerosene lamps). However, the 
first investment in the PV system is high com­
pared to the investment in a kerosene lamp 
for instance, and if the PV system is bought 
on a loan basis the repayments must be paid 
regularity while kerosene purchase might be 
reduced in the case of periods with lower in­
come.

A detailed investigation provides for the fol­
lowing figures:

• For about 80% of the people in develop­
ing countries the comfort of very small- 
scale electrification (10 Wp per person 
provided by PV systems) is not accessible 
since they do not have sufficient income. 
For them, the present costs of PV sys­
tems or the unavailability of sufficiently 
small RE supply devices is the obstacle. •

• About 20% of the people in developing 
countries have sufficient income to pay 
for the comfort provided by 10 Wp PV per

person by themselves. However, they do 
generally not have sufficient savings to 
pay the investment costs of a PV system. 
For them the lack of access to appropri­
ate small loans is the principle obstacle.

The potential role of utilities 
It should be noted that the situation where 

the electricity consumer is also the owner of 
the electricity generation system is quite the 
inverse of what is the case in grid-connected 
areas: there the electricity generation and dis­
tribution systems belong to utilities. This 
implies that the electricity consumer who is 
served by a utility does not need to make prior 
investments in electricity generation devices 
nor to bother about any loan related to such 
investments!

For utilities however, it is much easier to 
make investments and they are much more 
bankable than a private person. For them fi­
nancing PV systems is generally not a prob­
lem, but a number of other obstacles than for 
the individual owner-user exist:

• It is not very easy to manage a large 
number of widely distributed small elec­
tricity generators which are not linked by 
communication lines.

• If the consumption level for electricity is 
as low as it is in most developing coun­
tries, the administrative costs for meter­
ing and billing are extremely high com­
pared to the investment costs in RE sys­
tems.

• In many cases, utilities as well as energy 
planners do not know how PV systems 
operate or even do not have the notion of 
them. They just do not take them into 
account.

• The ignorance of RE electrification leads 
still very often to decisions for grid ex­
tension in actual off-grid areas though 
this is even more expensive than decen­
tralised RE electrification.

Many small village or household utilities 
While central power stations and electricity 

distribution grids usually belong to a large,
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very often national company, diesel motor- 
generator sets and other local electricity gen­
erators are usually owned by companies, vil­
lage communities or even private persons. It 
is specific for local electricity supply schemes 
that owner, operator and user are very often 
identical, or belong to the same village com­
munity, company or family.

Hence, the operator is normally not profes­
sionally dealing with energy generation, but 
rather an individual who is familiar with the 
electricity generation equipment just as some­
one is familiar with any other machine. This 
is possible since the technology used for lo­
cal electricity production is in the majority 
of cases much simpler than central genera­
tion technology. In addition, the identity of 
owner and user implies severe financial con­
straints, since most users are not eligible for 
bank credits or even totally without the action 
radius of any credit giving institution.

Local companies involved in renewable ener­
gies

The only players who intervene in local en­
ergy supply schemes are the supplier and the 
installer of the equipment, and the techni­
cians who perform the maintenance of the in­
stallations. The difference to the case of cen­
tral electricity generation is, that the supply 
and installation use to be ensured by small 
companies. Domestic enterprises are more 
easily to get involved in such decentralised 
installations than in larger central schemes 
which generally imply large orders to foreign 
companies. In addition, the technicians who 
do the maintenance may, and use to, belong 
to local companies.

Financing solutions
The solutions which have been proposed and 

partially experienced for renewable energy in­
vestments in developing countries in the im­
portant case of small private investments are 
similar to those that exist for community 
level financing. Again schemes developed for 
agriculture and housing can be adapted and 
serve as models for renewable energy financ­
ing. Bundling of credits, retailer loans, leas­
ings schemes are only some of many possi­
ble solutions. In general some degree of self­
organisation of different investors, e.g. in co­
operatives, and financial intermediates are re­

quired.

The issue of securities
A specific problem for small private invest­

ments and related financing are credit secu­
rities. Private persons in rural areas of devel­
oping countries can usually not provide the 
securities for a loan which banks ask for. A 
possible alternative has been developed in the 
agricultural sector by the Grameen Bank in 
Bangladesh: Credits are only given to groups 
of 4 or 5 investors where the second investor 
in the group gets his credit only when the first 
one has paid a sufficient part of his credit 
back and so on. This scheme creates security 
through social control within small groups of 
people who know each other and has been 
very successful in Bangladesh. Usual secu­
rities are no longer necessary.

Conclusions
Three types of investments have been distin­

guished by size and investor:

1. large infrastructure investments,

2. community investments, and

3. small private investments.

These types of investment correspond to dif­
ferent level of renewable energy application in 
developing countries and require respectively 
a specific approach to financing.

Large infrastructure investments corre­
spond to hydropower plants, large wind parks 
and biomass power plants. They can be fi­
nanced in a similar way as any kind of indus­
trial or public investment.

Community and small private investments, 
however, imply usuall investors who are 
hardly bankable, a too low size of finance and 
too much administrative work for being in­
teresting for most financing institutions. The 
investments at these levels are forest planta­
tions and decentralised renewable energy sys­
tems like photovoltaic systems or wind gener­
ators. They are particularily important for de­
veloping countries, because they are linked to 
fundamental development problems and offer 
simple and cost-effective solutions for devel­
opment.

Schemes for financing such investments 
can be developed similar to financing con-
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Type of in­
vestment

(1) Large in­
frastructure 
investments

(2) Community 
investments

(3) Small private 
investments

Investment 
to be fi­
nanced

large electric
power stations, 
e.g. hydropower 
stations, elec­
tric grids, fuel 
storage and
transport infras­
tructure

fuel wood planta­
tions, community 
size renewable 
energy systems 
(e.g. PV drinking 
water pumping 
systems)

decentralised 
renewable energy 
systems (PV solar 
home systems, 
small windtur- 
bines, biogas
reactors, solar
cookers, etc.)
and fuel saving 
cooking stoves

Investor large (state-
owned) compa­
nies

village communi­
ties, local cooper­
atives, etc.

individuals, 
small companies, 
schools, health 
centres, etc.

Investment
sum

some 0.1 to 100 
MEURO

some 1-100
kEURO

some 10 to 1000 
EURO

Specific
financing
barriers

liability of in­
vestor

liability of in­
vestor, local
presence of
financing institu­
tion, small size 
for commercial 
credit

liability of in­
vestor, local
presence of
financing insti­
tution, much
too small size 
for commercial 
credit

Specific 
elements of 
financing 
solutions

public guaran­
tees

bundling of
credits, self­
organisation 
for financing
at local level, 
local financing 
intermediates

bundling of
credits, self­
organisation 
for financing
at local level, 
local financing 
intermediates, 
innovative credit 
securities

Example 
sectors 
from which 
lessons can 
be learnt

industry, public 
infrastructure

village infras­
tructure, agricul­
ture, housing

agriculture,
housing

Existing
examples

hydropower sta­
tion investments

community 
forests in
Burkina-Faso

Grameen Bank 
Bangladesh

Table 1: Comparision of different types of financing situations in the renewable energy sector in 
developing countries
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cepts in the agricultural and housing sec­
tor. They requires usually some degree of 
self-organisation at local level and local finan­
cial intermediates in order to channel finance 
from the large cities to rural areas or for accu­
mulating sufficient capital in the rural areas 
themselves. At the level of small private in­
vestments a further issue requires special at­
tention and creative approaches: securities. 
An alternative to usual securities might be

to interlink the interests of different investors 
who then take care that all of them pay the 
received credits back.

Dr. Michael Stohr 
Renewable Energy Advisor 
Munich, Germany 
Email: m.u.m.stoehr@t-online.de
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Kenya’s PV Market: A Showcase for 
Commercial Market Development
Moses Agumba and Bernard Osawa

Introduction

The Kenyan Photovoltaic (PV) market remains an excellent showcase 
that has demonstrated the rural population's willingness to pay for so­
lar electricity is often underestimated. About 150,000 (4%) Kenyan rural 
households have purchased solar electricity compared to 62,000 con­
nected to the grid through rural electrification program s. The demand 
for PV has grown exponentially since the mid 1980’s courtesy of pri­
vate entrepreneurs. More than 15 companies based in Nairobi currently 
supply the market through scores of agents based in the rural areas 
that market, install and maintain the systems. Amorphous Silicon sys­
tems currently dominate the market with an overall average system size 
of 25Wp. Potential demand is estimated at 25 MWp and is predomi­
nantly for solar home systems. Market constraints include, a lack of 
favourable policies, missing credit lines, lack of enforceable standards, 
low quality Balance of Systems Components and low consumer aware­
ness. PV systems can potentially electrify 40% of rural households in 
an economical way. Technical support and strategic financing are the 
key to strengthening PV infrastructure and reaching rural households.

Introduction
Kenya is a developing and still largely rural 

country where only 25% of its 29 million peo­
ple live in urban areas. The bulk of the popu­
lation is concentrated in the medium to high 
rainfall areas, which make up only 20% of the 
total land mass. Population density reaches 
over 300 per square km in some of Kenya’s 
’high potential’ areas and as low as 5 per 
square km in others. Kenya’s GDP reached 
some US$ 9.98 billion in 19981 with a growth 
rate of 1.8%. The country is classed by World 
Bank statistics as a low-income economy with 
an average per capita income standing at US$ 
296 in 1999. Major sectors in the economy 
are Agriculture, tourism and manufacturing. 
Of the approximately 4 million rural house­

1 Economic Survey 1999

holds, more than 95% are without access to 
grid electricity. Rural households use can­
dles and kerosene lamps for lighting and dry 
cells for radios and torches. Lead-acid batter­
ies are also used to power dc electrical lights, 
TV sets and radios. These lead-acid car bat­
teries are routinely recharged at distant local 
shopping centres where grid electricity or gen­
erator power is available.

Rural electrification programs
Since 1973, the government has under­

taken distribution of electricity in areas where 
the financial viability seems doubtful to the 
utility under a Rural Electrification Program 
(REP). The focus of the program is to supply 
power to agro-based and other small indus­
tries, shops, institutions, water supply and
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other public facilities. Individual households 
are encouraged to hook up to the supply if lo­
cated within reach of an installed transformer. 
Since the inception of the Rural Electrifica­
tion Programs (REP) more than 17 years, ap­
proximately 62,000 or 2% of rural households 
have been connected to grid power at a cost 
of US$ 600 million. Major obstacles to REPs 
have been: high capital costs, high revenue 
collection costs, low income from existing op­
erations, insufficient generating capacity and 
high connection costs for scattered house­
holds. PV has not been considered for rural 
electrification, as it does not qualify under the 
Least Cost Extension Programs (LCEP). This 
is a method used by the government to decide 
on which power generation options to use.

The Commercial PV Market
Kenya has an active commercial solar home 

systems (SHS) market, with cumulative sales 
in excess of 150,000 units and current sales 
of over 20,000 systems per year. To date more 
than 3.2 MW of amorphous and crystalline sil­
icon have been installed and the PV industry 
is worth US$ 6 million in new installations 
per year (500kW/year). There are hundreds 
of PV businesses in terms of manufacturers, 
vendors, installers, and after-sales providers 
active in the market. The demand for PV 
has grown exponentially since the mid 1980’s, 
when Kenyan entrepreneurs realised that so­
lar electricity could meet rural electric power 
demands for domestic use, often at lower cost 
than grid connections, generators and batter­
ies. The market grew as rural-based artisans 
formed business agreements with urban so­
lar companies based in Nairobi, thereby in­
creasing the outreach and accessibility to PV 
equipment. There are presently more than 15 
companies based in Nairobi that supply this 
market. Each company has scores of agents 
based in the rural areas that market, install 
and maintain the systems.

Market Development
Since the introduction of PV into the region, 

the local market has evolved through the fol­
lowing stages:

1985 - 89:

Transformation from donor driven2 to 
commercial market. SHS market developed 
steadily. Over 90% of the modules sold were 
crystalline. General growth in PV sales was 
around 5-10% for this period. Typical sys­
tems used crystalline modules of about 40 Wp 
(Acker and Kammen, 1996).

1990 -98:
10-14 Wp amorphous silicon (a-Si) mod­

ules entered the market in 1989, capturing 
the majority of SHS sales within five years 
(van der Plas and Hankins, 1998). Since then, 
total a-Si sales in Kenya have increased dra­
matically, from 10 kWp in 1989 to 270 kWp 
in 1998. The relative percentage of com­
plete system sales went on the decline, while 
the number of over-the-counter, customer- 
installed systems increased. The bulk of the 
a-Si modules go to one-module systems.

1998- to date:
Small a-Si systems still dominate the mar­

ket (by numbers). Average system size cur­
rently stands at 25 Wp, implying that most 
people are buying what they can afford. Po­
tential demand is currently estimated at 25 
MWp. Given income structures, the effective 
demand is about 14 MWp, with more than 
50% being 20Wp or smaller systems. The 
current total installed capacity is estimated at 
some 3.2 MW, more than 50% being SHS’.

1 shows the estimated module sales by 
type for the period 1989-1999.

Market Status
Kenya is notable for having mobilised its lo­

cal entrepreneurial skills in the development 
of the PV industry. PV dealers can be found 
in virtually all major towns across the coun­
try. Below are the salient characteristics of 
the market:

• All solar modules are imported. There is 
no local manufacture. These come with 
varying warranties.

• Mean system size stands at 25Wp with 
an average purchase expenditure of 
US$418.

• More than 50 % of the systems use a-Si 
modules with a majority of the systems

Relief agencies, NGOs and church organisations introduced initial systems in the region.
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Estimated PV Sales in Keny 
(1989-1999) kWp per Year

600

89 90 91 92 93 94 95 96 97 98

Figure 1: Estimated module sales, 1989-1999.

undersized for their loads.
• Over 90% of the a-Si systems do not use 

charge regulators.
• Over 90% of the systems use locally 

manufactured SLI or modified SLI (’so­
lar’) batteries.

• Of all the ’Solar and TV" batteries sold to 
rural Kenya, 30 % are SLI, while 70% are 
modified automotive batteries. All bat­
tery manufacturers currently offer a one- 
year warranty.

• Over 85 % of the systems power black 
and white TVs, 84% have lights, while 
70% have radios/cassettes. Users are 
from a wide range of backgrounds, but 
most have regular incomes. A majority 
of the users buy systems to run B&W 
TV, lights and radio together, as opposed 
to lights only. Customers save up to 
$10 monthly on kerosene, dry cells and 
battery-charging expenditures.

manufactures, dealers and technicians that 
has identified consumers’ needs, and is re­
sponding with increased and diversified sup­
ply of PV components and technologies in 
the market. Importers: There are 10-15 im­
porters of modules, lights, charge controllers, 
inverters etc. These importers have dealers 
at the regional and local levels. A few of 
these companies have technical teams that 
undertake on major projects. Manufactur­
ers: There are 3 major battery manufactur­
ers and a major lights and charge control 
manufacturer. Another 4 - 15 small-scale 
manufactures of lights and charge controllers, 
inverters etc. are in business countrywide. 
Dealers: This group constitutes the major­
ity of players. There are hundreds of these 
distributed across the country, mostly sell­
ing over the counter and with little techni­
cal capacity. Some dealers have technicians 
(not necessarily trained) that install systems. 
Technicians: These are mostly independent 
operators with some knowledge of AC electric­
ity. Few trained solar technicians exist. Tax: 
There is no rational tax regime for PV prod­
ucts as only modules enjoy special tax ar­
rangements. (0% duty and 5 % VAT). Other

PV infrastructure
There is currently a well-developed PV sales 

and distribution infrastructure consisting of
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BOS attract relatively higher duties (15- 25 % 
duty and 15 % VAT).

Sales Methods
A major factor influencing the actual demand 

for SHS in Kenya is the inability of customers 
to pay the high up-front costs. Accessibility to 
SHSs could be greatly increased if financing 
mechanisms were available. Consumers can 
either acquire SHSs through cash, hire pur­
chase, and cash-deposits or financed systems 
methods.

Cash
Cash SHSs constitute the largest portion of 

systems installed in Kenya to date, but seems 
to have reached a saturation point. Downsiz­
ing of system sizes has offered an opportunity 
to greatly increase this market segment.

Hire Purchase
Hire-purchase schemes have been tried in 

the past and are making come back, based 
on experience in selling consumer goods (TV’s, 
sewing machines, bicycles etc.) to rural peo­
ple. Repayments are on a ’’check-off* ba­
sis. Sales are rising, but quality of equipment 
and standard of installation is questionable. 
Interest rates are above commercial lending 
rates (average 40%) and repayment period is 
24 months at the maximum. Major dealers 
are working with hire purchase companies to­
wards this end.

Cash-Deposits
Several retailers offer cash deposit system 

to customers who cannot raise the substan­
tial up-front funds to buy systems in one go. 
Customers make cash deposits in regular in­
stalments to a solar company and the dealer 
delivers and /or installs the system upon full 
payment.

Financed systems
Although there is relatively little experience 

with financing PV in the region, there is a good 
deal of experience in Kenya with small-scale 
consumer and enterprise credit. For the ma­
jority of the population, formal credit lines are 
inaccessible. This is due to inability to meet 
basic conditions for obtaining loans, includ­
ing sufficient and legally backed collateral,

record of performance with a financial institu­
tion and regular income. Even though financ­
ing appears to be the best option in facilitating 
mass rural electrification by solar electric sys­
tems, few initiatives exist.

Market Impediments.
Despite the high potential demand for SHS, 

constraints that have impeded market growth, 
include:

• Lacking government support

• High consumer prices partly resulting 
from high tax and duties component, 
and relatively high transactions costs 
among dealers and distributors;

• Missing credit lines

• Missing standards leading to low instal­
lation standards and practices

• Low quality of available local Balance of 
System (BOS) components

• Low consumer awareness of the limita­
tions and potential of PV

Recent Projects
This section provides a brief review of some 

selected recent projects.

ESMAP Solar Finance
In an effort to develop a sustainable fi­

nancing mechanism to further assist the com­
mercialisation of PV in the country, ESMAP 
through EAA conducted a pilot Solar Finance 
Project (1997 - 99). The approach was based 
on the co-operation of a finance partner, credit 
group and a technical partner. The objectives 
of the exercise were to: increase access of SHS 
through financing, spread-out up front costs, 
offer savings through bulk purchase to offset 
cost of credit and to use better equipment. 
Two approaches were used; K-REP, a rural de­
velopment bank and the Co-operative Bank of 
Kenya. Each group used its standard existing 
system of disbursement. In total 70 systems 
of sizes ranging from 24 Wp to 60 Wp were 
installed. Costs varied between US$ 500 and 
1,100.
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Problems encountered and achievements 
The major problems encountered included 

cohesion among loan groups, changing pref­
erences and local politics. Lack of technical 
capacity among local installers was evidenced 
by the low installation standards. The most 
notable achievement was that the project was 
used to climb the learning curve and convince 
bank managers of its viability. Lessons learnt 
included:

• Banks are not accustomed to consumer 
credit

• Interest rates must be less than market 
rates

• Low or no defaults in the case of cooper­
atives, where recovery was from source.

• For smooth implementation, there must 
be existing infrastructure

• SHS is not a productive asset
• Substantial technical training was 

needed as technical capacity was weak
• Time and dedication is essential to im­

plement such projects
• Even if economically viable, initiatives 

are not always financially viable
• Steady and adequate project preparation 

support is needed

• Adequate financing mechanisms as well 
as Information dissemination channels 
need to be developed.

• Policy barriers need to be removed and 
duty/tariffs rationalized

Solar for Schools Project 
This is a solar awareness initiative imple­

mented by Solarnet, an NGO. Off-grid rural 
boarding schools receive a 50% subsidy to 
install solar electric systems and endeavour 
to use as demonstration installation during 
school visiting days. To date 10 schools have 
been evaluated and 2 are going ahead with the 
systems installation.

PVMTI
This is a US$ 5 million initiative of the World 

Bank/ GEF aimed at transforming the com­
mercial market. The arrangement requires a

1:1 leverage of funds for participating consor­
tium (financial and technical partner). Min­
imum disbursements are US$ 500,000 per 
consortium. This favours the larger Nairobi 
based companies. To date, two proposals 
have been shortlisted for financing.

The way forward
To develop the market further, several ap­

proaches can be pursued. These include 
among others:

Support for small players (rural dealers and 
technicians)

These constitute the majority and have the 
best contact with end users at the local level. 
Support should be mainly in terms of tech­
nical training (installation and maintenance). 
Small business support is also necessary to 
help dealers and technicians set up shop.

Support to large players
Even though these are few, they are the 

main importers of PV equipment to the coun­
try. This is the approach taken by PVMTI. It 
is anticipated that financing the large players 
would lead to improved volumes and reduced 
costs. But given the high business overheads 
in the country, this might prove to be futile at 
the consumer level. Raising leveraging funds 
is proving to be a problem for the local com­
panies. To overcome this, it is recommended 
that the minimum disbursement be reduced 
so that many more businesses can afford and 
benefit from the scheme. However, this will 
put in a lot of logistical stress on PVMTI.

End-user Financing
By availing loans to end-users through coop­

eratives or organised loan groups, affordabil­
ity of systems can be greatly increased. The 
cooperative movement in Kenya is very strong 
and is the most strategic entry point. This was 
proven during the ESMAP Solar Finance pilot.

Development of equipment and installation 
standards

The government has finally seen the light 
and has put out a bid for standards develop­
ment. The Kenya Bureau of Standards is also 
working towards this end. However a code of
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practice for technicians still need to be devel­
oped while enforcement will be another tall or­
der.

Introduction of fee service payment for solar 
electricity in rural areas 

Energy Service Companies (ESCOs) should 
be formed to provide electricity by installing 
and maintaining Solar Homes Systems in the 
rural areas with no grid lines. This will further 
make PV to be a key element in rural elec­
trification. It would provide opportunity for 
international utilities and companies in the 
north to form partnership with local compa­
nies, which will hopefully see innovative and 
creative minds being applied to the desired ru­
ral energy development in Kenya.

Moses Agumba and Bernard Osawa 
Solar Energy Network (SOLARNET), 
Rose Av., Off Ngong Rd.,
P.O Box 76406 Nairobi, Kenya 
Tel: 254-2-714529 
Fax: 254-2-720909.
Email: solarnet@iconnect.co.ke.

Energy Alternatives Africa Ltd. (EAA) 
Rose Av., Off Ngong Rd.
P.O Box 76406 Nairobi, Kenya.
Tel: 254-2-7146233,
Fax: 254-2-720909.
Email: solar@iconnect.co.ke.
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World Bank Support for Renewable Energy - 
The Asia Alternative Energy Programme 
(ASTAE)
Noureddine Berrah and Enno Heijndermans

Introduction

The Asia Alternative Energy Program (ASTAE) is a program within the \ 
World Bank, with staff and resources exclusively dedicated to the pro- j 
motion of alternative energy in South and East Asia. ASTAE operates | 
through a partnership with the Bank’s client countries, the Global En- ; 
vironment Facility (GEF), and bilateral and multilateral donors. I

ASTAE

History
ASTAE grew out of the Financing Energy Ser­

vices for Small Scale Energy Users (FINESSE) 
Project, initiated by multilateral and bilateral 
donors in 1989. Following a joint request 
from Asian borrowers and donor partners, the 
Bank acted to implement the FINESSE rec­
ommendations by creating the Asia Alterna­
tive Energy Unit (ASTAE), as part of the Asia 
Technical Department, in January 1992.

ASTAE was originally set up as a three year 
pilot program, with the objective of “main­
streaming” alternative energy in Asia. AS- 
TAE’s original target was to increase the share 
of alternative energy in Bank lending to the 
power sector in Asia to 10 percent of total 
power sector lending. ASTAE’s life was ex­
tended by mutual agreement among the Bank 
and donor countries. It was redefined from 
a Unit to a Program in 1998, and has been 
merged with the East Asia Energy and Mining 
Development Sector Unit, while continuing to 
provide support to South Asia.

Activities
ASTAE provides experts and resources to 

promote Bank lending for alternative energy 
in Asia by supporting:

• identification, preparation, appraisal 
and supervision of renewable energy and 
energy efficiency investments financed 
by the Bank and the Global Environment 
Facility (GEF);

• analytical and advisory activities to sup­
port alternative energy projects, includ­
ing formulation of policies to promote re­
newable energy and energy efficiency op­
tions;

• capacity building of client country agen­
cies and Bank staff; and

• coordination with other international 
agencies and resource mobilization for 
alternative energy development

Partners
Since its formation, ASTAE has been sup­

ported partly by the World Bank and partly 
by bilateral and multilateral organizations, 
including: the Dutch Partnership and the 
Netherlands Directorate General for Interna­
tional Cooperation (DGIS); the US Depart­
ment of Energy (USDOE) and other US agen­
cies; the United Nations Development Pro­
gramme (UNDP); the Swiss Confederation; the 
New Zealand Ministry of Foreign Trade; the 
Swedish International Development Agency 
(SIDA); German BMZ/GTZ; European Union;
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Figure 1: ASTAE Resource Utilization by Donor Funding Source, FY92-FY99

FY 97 FY98 FY99 FY97-FY99
Financing for Alterna­
tive Energy in Asia"

76 87 144 306

Financing for Electric 
Power and Other En­
ergy in Asia

1,155 1,079 310 2544

Alternative Energy Fi­
nancing/ Power Sector 
Financing (%)

6.6% 8.0% 46.3% 12.0%

Table 1: ASTAE-Supported WB/GEF Financing for Alternative Energy in Asia, FY97-FY99 (mil­
lions). Source: World Bank Annual Report 1999, ASTAE Status Report #6

“Includes Bank, GEF and AIJ lending for alternative energy components.

IEA; DANIDA; and the governments of Aus­
tralia, Finland and Japan.

In recent years, ASTAE’s annual budget 
has varied from $2.5-3.8 million, with con­
sistent Bank contribution of over 40 percent. 
Figure 1 shows that the largest outside con­
tributors over the entire period have been the 
Netherlands and the US.

Results: Lending Projects 
The South and East Asia regions have the 

strongest alternative energy portfolio of all re­
gions in the Bank, largely as a result of AS­
TAE’s catalytic support. Since ASTAE’s incep­
tion, Bank alternative energy lending in Asia 
has increased from one $2 million solar com­
ponent under implementation in FY92 to sev­
enteen ASTAE-supported projects currently

under implementation, totaling over US$ 550 
million in Bank/GEF support for alternative 
energy. These projects represent total alter­
native energy investments of over US$ 1.5 
billion. These projects are expected to dis­
place about 1 GW of fossil fuel fired genera­
tion capacity and will provide electricity to an 
estimated 530,000-630,000 rural households 
that would otherwise lack access to modern 
energy services.

Table 1 shows that ASTAE’s original tar­
get of 10 percent share of alternative energy 
in the power sector lending portfolio in Asia 
was met and surpassed in FY99, with alterna­
tive energy accounting for an all time high of 
46% in that year. It should be noted that this 
target reflected not only an increased lending 
volume for alternative energy, but also a de­
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creased volume for financing for conventional 
projects. However, alternative energy would 
have met the 10% target even if lending vol­
umes of conventional energy had been main­
tained.

ASTAE is supporting project preparation 
work for an additional 21 projects, with an es­
timated total alternative energy cost of US$2 
billion and a Bank/GEF support of US$530­
740 million. ASTAE’s FY 93-03 portfolio in­
cludes 38 operations in 11 countries with to­
tal Bank/GEF commitments of $1-1.3 billion 
and a total alternative energy project cost of 
$3.5 million.

ASTAE- supported projects focus on a lim­
ited number of well proven applications and 
technologies, mainly in the power and indus­
trial sectors. Renewable energy projects have 
focussed on supply of power to the grid (small 
hydro, windfarms, geothermal, biomass) and 
providing power to isolated rural households 
and institutions (mainly photovoltaic systems 
and isolated hydro). Energy efficiency projects 
have focussed on power system efficiency, 
DSM, co-generation, and assistance in de­
veloping Energy Service Companies (ESCOs). 
Projects have significant technical assistance 
funding for capacity building. Technical as­
sistance has focussed on building capacity 
from the top down and from the bottom up 
by strengthening the capacity of: (a) govern­
ments to develop appropriate plans, policies 
and regulatory measures; and (b) businesses 
to sell, install and operate good quality alter­
native energy equipment and services.

Results: Analytical and Advisory Activities
ASTAE-supported Analytica and Advisory 

Activities are designed to assist in overcom­
ing regulatory, technical, financial and in­
stitutional barriers to alternative energy and 
to contribute to appropriate policy environ­
ments. The largest share of this work is for 
strategic planning and sector work (38%), fol­
lowed by capacity building and training ac­
tivities (26%), cross-sectoral activities (16%), 
best practice documentation (8%) and tech­
nology, feasibility and resource assessment 
(combined total of 12%.)

What factors contributed to the growth in

alternative energy projects in Asia?

ASTAE was the right idea at the right time 
While conventional energy sector lending has 

not been a major growth area in recent years, 
alternative energy development has benefited 
from a rare and powerful convergence of in­
terests. These converging interests are: (a) 
demand from client countries; (b) interest 
by the local private sector; (c) relevance to 
the World Bank’s mission of poverty allevia­
tion and growing emphasis on environmen­
tal protection; and (d) strong financial support 
mainly from the GEF, but also from multilat­
eral and bilateral donors. The convergence of 
interest has grown and strengthened during 
the seven years of ASTAE’s life and continues 
to grow, as shown below.

Demand jrom Client Countries 
The demand from client countries for alter­

native energy projects arises from two main 
concerns: (a) providing universal access to ru­
ral electrification; and (b) environmental pro­
tection. An estimated 500 million people in 
Asia are without the benefit of modern ser­
vices such as electric lighting, fans and com­
munication devices. While access to modern 
energy is secondary to the more basic issues 
of survival (food, shelter, cooking fuel, etc.), 
many Asian governments give high priority 
to supplying electricity services to households 
and villages. The commitment to universal 
access to electricity is one explanation of the 
strong and growing client demand for alterna­
tive energy projects.

A second driver of country demand for al­
ternative energy is concern for the environ­
ment and a sustainable development path. 
This motivation is especially critical in the 
larger and more industrialized countries such 
as India and China. In these countries, coal 
or fossil fuel fired electricity generation is the 
fastest growing component of energy supply, 
as residential and commercial electricity de­
mand grows and as industries switch to the 
convenience of electricity. The high projected 
growth rates for energy demand present a sig­
nificant opportunity to displace fossil fuel re­
sources with alternative energy and reduce 
the emissions of damaging C02, NOx, SOx 
and particulates. Energy efficiency projects 
are especially attractive for sustainable devel­
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opment because they frequently have high re­
turns on investment in the short to medium 
term.

Interest by the Local Private Sector 
The local private sector is the largest sin­

gle source of financing for ASTAE-supported 
alternative energy projects under implemen­
tation, an estimated US$675 million. Forty- 
eight percent of the alternative energy costs 
of ASTAE-supported projects were financed 
by private sources, compared to 31% from 
Bank/GEF and 21% from other sources. Sec­
toral reforms have helped to encourage this 
local private sector participation, supported 
by the changing policy and regulatory frame­
works of local governments. The small scale 
of most alternative energy investments, on the 
order of tens of millions of dollars, has made 
the projects attractive to local entrepreneurs 
and made it possible to finance them through 
local commercial banks.

Relevance to Bank Mission and Priorities
Alternative energy promotes, the Bank 

Group's main task of fighting poverty, and 
helping people help themselves and their en­
vironment by providing resources, sharing 
knowledge, building capacity, and forging 
partnerships in the public and private sectors.

Alternative energy contributes to two sep­
arate objectives. It helps to:

• alleviate poverty by providing access to 
modern energy services for remote rural 
communities, thereby increasing quality 
of life, economic opportunities and com­
munication with the outside world.

• protect the environment by providing a 
clean alternative for electricity and heat 
production, thereby reducing emissions 
from burning of fossil fuels while provid­
ing economic development opportunities 
and reducing infrastructure bottlenecks.

The World Bank’s central focus on poverty 
alleviation provides a fertile environment for 
alternative energy projects. Poverty in rural 
areas is strongly correlated with isolation and 
lack of access to services, including electric­
ity. Once basic survival needs are met, pro­
viding access to modem energy services is one 
of the highest priorities of many communities.

Access to electricity first lengthens the hours 
of the day, increasing the possibility of either 
more economically productive activity, leisure 
or studying/reading. It also reduces the sense 
of isolation and increases people’s knowledge 
of the outside world, which has the potential 
to empower people by increasing choice and 
security.

The two objectives of extending access 
to modern energy to rural populations and 
environmental protection, are largely sepa­
rate. However, while projects focused on envi­
ronmental objectives do not necessarily con­
tribute to extending access of rural popula­
tions, the reverse is not true. Projects to in­
crease rural access using alternative energy 
do contribute to environmental objectives. For 
this reason, GEF has been willing to support 
alternative energy projects that have the pur­
pose of extending electricity access in rural 
areas. The GEF is willing to support these 
projects for two reasons: (a) GHG emissions 
are reduced by replacing gasoline and diesel 
(for generators), and/or kerosene (for lamps) 
and other fuels that would otherwise be used 
for lighting; and (b) an expanded use of certain 
key technologies, such as household-scale so­
lar PV, is expected to reduce the costs so that 
the technology will be used in larger-scale ap­
plications where the GHG mitigation potential 
is much greater.

Environmentally Based Support from the GEF 
and Bilateral Partners

Grant support from the GEF has been criti­
cally important to ASTAE’s ability to promote 
alternative energy lending, as has support 
from multilateral and bilateral donors. Al­
ternative energy projects are sometimes more 
expensive to implement than conventional al­
ternatives. Furthermore, their environmental 
benefits are typically not reflected in the mar­
ketplace. The availability of GEF grant funds 
to offset higher incremental costs of alterna­
tive energy, as well as to remove barriers and 
to offset risks during project implementation, 
has been a determining factor in the accep­
tance of alternative energy projects by client 
countries and by Bank staff and management. 
Most ASTAE-supported renewable energy op­
erations and energy efficiency operations have 
been developed with GEF assistance.

However, even with the support of the GEF,
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additional donor support has played an im­
portant catalytic role. The importance of 
donor trust funds for catalyzing identification 
of alternative energy project cannot be over­
stated. These funds have enabled ASTAE staff 
to move quickly in response to project oppor­
tunities, and have provided “seed funding” for 
reconnaissance work, pilot projects and sec­
tor work. Without these initial reconnaissance 
efforts, it is likely that alternative energy com­
ponents and projects would not have received 
project preparation funds from the Bank and 
the GEF. ASTAE staff also have tapped Bank­
wide Trust Funds with considerable success, 
because many of these funds also favor in­
vestments with strong relation to poverty al­
leviation and/or environment.

What operational approaches have been 
used to develop the ASTAE-supported port­
folio?

While there has been a favorable environ­
ment for alternative energy in recent years, 
this was a new area for Bank lending seven 
years ago. ASTAE had to work to catalyze 
the demand for alternative energy projects-in 
client countries and within the Bank. Several 
factors were key to this effort-a clear mandate 
and performance indicators; a strategic ap­
proach to project development that stressed 
awareness and capacity building; and its re­
gional location in Asia.

Mandate and Focus
From the start, ASTAE management has had 

a clear mandate: to mainstream alternative 
energy. This objective was more finely focused 
and clearly conveyed to staff as a mandate 
to incorporate alternative energy into Bank 
projects in the Asia region. All activities, in­
cluding project and sector work, as well as 
conferences and study tours, have been un­
dertaken in support of this mandate. The ini­
tial target agreed with donors, to lift alterna­
tive energy lending to 10% of overall Asia en­
ergy sector lending within 5 years added fur­
ther specificity to the mandate.

The power sector was the obvious target for 
initial ASTAE activities, and remains the pri­
mary focus of activity. This is due to the high 
client demand for grid and off-grid energy op­
erations, strong presence of the Bank in the 
sector, and keen interest of donors in sup­

porting such operations. This sectoral focus 
is reflected in the program’s current adminis­
trative location, in the East Asia Energy and 
Mining Development Sector Unit.

Approach to Project Development 
ASTAE has used a three pronged approach 

for alternative energy project development, in­
volving awareness and capacity building as 
complementary activities to project prepara­
tion.

Awareness building of alternative energy 
potential, is the first element of this ap­
proach. The effort required to establish al­
ternative energy as an option for energy ser­
vice should not be underestimated. People 
at all levels, from ministers to village house­
holds, are more comfortable with conven­
tional approaches even when alternatives are 
less expensive and more reliable. An exam­
ple of awareness building activities can be 
seen in the energy efficiency activities in Thai­
land. In Thailand, a UNDP pre-feasibility 
study combined with ASTAE-sponsored twin­
ning and technical assistance activities led to 
a DSM operation with the distribution utili­
ties. A follow-up ASTAE-assisted workshop 
led to increased private sector interest and 
the identification of a new GEF project to de­
velop the market for energy services compa­
nies (ESCO’s).

Alternative energy client country capacity 
building, in both public and private sectors, 
is the second element of the approach. This 
work focuses on increasing: i) government ca­
pacity to create an enabling environment for 
investment; ii) capacity of financial institu­
tions to include these new options in their 
portfolio; iii) technical capacity of the indus­
try to appropriately design, specify, possibly 
manufacture, install, and service equipment; 
and iv) managerial/business capacity of the 
supply/delivery/service chain to ensure that 
ultimate clients receive adequate service at 
reasonable costs. ASTAE has made exten­
sive use of local consultants to undertake this 
work.

Awareness and capacity building are 
closely tied to project identification and prepa­
ration, the third element of the approach. In 
keeping with the Bank’s rigorous analytical 
approach, the viability of proposed alternative 
energy options are analyzed as part of project
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preparation, (in comparison to conventional 
options), to ensure that they are least cost and 
most appropriate for the task at hand. AS­
TAE has had good success in using participa­
tory approaches to build consensus for project 
development through the Object Oriented 
Project Planning (OOPP) methodology, which 
has been used in projects in China, Vietnam, 
Sri Lanka and the Philippines1. This method­
ology brings together project stakeholders for 
structured brainstorming sessions.

Regional Focus and Location 
A key factor was a regional focus and an or­

ganizational location of staff close to the East 
and South Asia staff with which they work. 
The program still maintains this focus, de­
spite its migration from the former the Asia 
Technical Department to its current location 
in the East Asia Energy and Mining Devel­
opment Sector Unit. The regional focus al­
lowed a concentration of effort to show mea­
surable impact, while not unduly limiting the 
field of opportunities. The regional location fa­
cilitated development by program staff of long­
term relationships with regional Bank staff 
and clients.

What is ASTAE’S strategy for the future?
Alternative energy has grown from the Ap­

propriate Technology movement of the 1970’s 
to a multi-billion dollar business today. The 
business includes manufacturing of alterna­
tive energy equipment (renewable energy and 
energy efficiency), research and development, 
consultancy services, installation and main­
tenance services, awareness creation, educa­
tion and publication. The growth in the alter­
native energy business has been created by 
environmental concerns, by the reduction of 
alternative energy cost and by increased ca­
pacity to develop such projects. Continued 
rapid expansion of demand for alternative en­
ergy services is expected over the next several 
decades.

When ASTAE began its work in 1992, al­
ternative energy was rather new in the World 
Bank and new for many client countries. De­
veloping a small alternative energy lending op­
eration was a significant achievement. Ca­
pacity building was very important but was

mainly project based. Because projects were 
relatively small they were not able to leverage 
policy reforms which could benefit all alterna­
tive energy projects.

Much more capacity is needed in client 
countries to capitalize on the interest and op­
portunities created by the GEF and the other 
mechanisms described above, and to make 
a measurable impact both on protecting the 
environment and providing remote rural ac­
cess to modem energy services. The capacity 
building done in our client countries is only a 
fraction of what is required to achieve a mea­
surable and lasting impact on increasing both 
rural access to energy and environmental pro­
tection.

To make a measurable impact in reduc­
ing greenhouse gas emissions and providing 
remote rural access to modern energy, more 
and larger alternative energy projects are re­
quired. More meaning not only more projects 
supported by the World Bank and other bi­
lateral and multi-lateral agencies, but more 
broadly, more projects that involve the pub­
lic and private sector domestic investors as 
well as NGOs and INGOs. This requires the 
development of broad based local capacity 
to develop and implement alternative energy 
projects.

The World Bank is well placed to assist 
in developing this capacity, but doing so re­
quires a shift from working on single projects 
to working on a programmatic basis. The 
project concepts should focus more than in 
the past, on building capacity and provid­
ing the momentum for policy and institutional 
change, mainly appropriate policies and in­
centive mechanisms to increase the sustain­
ability of alternative energy. This approach 
requires focussing on selected countries that 
have significant potential and strong commit­
ment to alternative energy development. A 
consequence of the programmatic approach is 
that the funding requirement will be bigger, 
providing greater incentive for client coun­
tries to adopt appropriate policy and regula­
tory mechanisms.

Creation of an Enabling Environment 
In the absence of monetization of environ­

mental externalities in the marketplace, large-
1The OOPP methodology is described in detail in "Quality Management of Development Cooperation” (UNIDO, Vienna, 

1997). See Parts 1-3.
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China/WB/GEF Pilot Project Under Strategic Partnership For Renewable Energy Develop­
ment
The Project aims to support the GOC Renewable Energy Program to be presented in the 10th and 
11th Five Year Plans. The objective would be to reduce environmental emissions from coal fired 
power generation by developing sustainable commercial markets for electricity from renewable 
energy. This would be done by creating a mandated large-scale market and reducing costs for 
mature technologies such as windfarms, small hydroelectricity and biomass.
Preliminary discussions indicate that the Partnership would assist the GOC Program in four main 
ways, by supporting: development of an institutional framework for renewable energy including 
policies, laws and regulations needed to create a large-scale market;

• actions to reduce the cost of renewable energy and make it competitive, including technology 
improvement to assist local manufacture of good quality equipment to reduce cost;

• building local capacity for project development and financing as well as efficient operation 
and maintenance of facilities;

• if necessaiy, selected demonstration and investment projects that have strategic impor­
tance.

Table 2:

scale alternative energy development requires 
that countries establish an institutional, pol­
icy, financial and regulatory framework that 
helps attract capital from international finan­
cial institutions, export credit agencies and, 
most importantly, the domestic and interna­
tional private sector. This framework or en­
abling environment would require measures 
to: •

• stimulate the market for electricity or en­
ergy savings from alternative energy;

ASTAE and the World Bank are well placed 
to assist client countries to learn from the 
approaches that have been used in different 
countries to create an enabling environment 
for alternative energy, and to adapt exist­
ing mechanisms or develop new mechanisms 
that are suitable to the circumstances of each 
country. .

Programmatic Approach
A small stand alone alternative energy 

project with no clear prospect of serious 
follow-up would not be able to encourage or 
persuade governments in developing coun­
tries to put in place the right policy measures 
with appropriate incentives or to attract sig­

• provide adequate incentives to mobilize 
investment by public/private entities in 
alternative energy facilities;

• facilitate alternative energy project devel­
opment, including clear and transpar­
ent rules, procedures and approval pro­
cesses;

• encourage development of mature, in­
ternationally competitive local manufac­
turing industries for alternative energy 
equipment;

nificant private sector interest. This would 
be the case if a programmatic approach was 
being implemented, with good prospects for 
follow-up or follow-on activities.

A new initiative by the WB/GEF, the 
Strategic Partnership for Renewable Energy 
Development, will greatly facilitate work on a 
programmatic basis in this area. This initia­
tive, approved by GEF Council and the Bank 
Board in early 1999, seeks to shift efforts from 
an individual project approach to long-term 
programmatic pathways, providing developing 
countries the time and resources required to 
develop renewable energy markets and tech­
nologies in a sustainable way. The Partner­
ship will support 8-10 year country programs,
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and will make available a larger amount of 
GEF resources, targeting them to building ef­
fective bridges to private sector market devel­
opment and financing. There will be a one­
time GEF program approval, coupled with del­
egated project approval authority and ex-post 
reviews, to facilitate processing. ASTAE is 
supporting the Bank’s preparation of a pilot 
project in China under the Strategic Partner­
ship (see table 2). It is hoped that the Bank 
and the GEF will also consider a similar pro­
gram approach in energy efficiency.

Noureddine Berrah
Deputy Program Manager
Enno Heijndermans
Renewable Energy Specialist
Asia Alternative Energy Program (ASTAE) The
World Bank

NBERRAH@Worldbank.org
Eheijndermans@worldbank.org
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Public Private Partnership for Financing 
Renewable Energy Projects in Emerging 
Markets
Klaus Schatte and Robert Grassmann

Introduction

) Subjects covered:
| • Public-Private-Partnership-Projects

\ • Will you assume measures in areas such as environmental protection, qualifica-
\ tion of suppliers or workers, technology transfer from Germany or other fields with
j a sustainable positive effect in your country in connection with an investment?
j • Are you planning to involve a German company in a future investment or is your 
j company a joint venture/ subsidiary of a German company?
| • Would you like to do more in these fields - but the projects cannot be realised
j because of lacking funds or special risks?

Public Private Partnerships (PPP) - what 
does it stand for?

Private enterprises increasingly engage 
themselves in fields which are also of high 
interest from a development support perspec­
tive. Entrepreneurs invest in countries, trans­
fer technology and entrepreneurial know-how, 
train employees, raise environmental stan­
dards - and do much more. Clearly there 
must be an overlap between public devel­
opment objectives and entrepreneurial goals, 
there must be common interests. The logical 
consequence is to pursue these interests to­
gether.

The Public-Private-Partnership (PPP) pro­
gramme supports private sector measures 
positively effecting a sustainable develop­
ment, which are closely connected to an in­
vestment. Special regard is given to the fields 
of environmental protection, training, infras­
tructure, quality control, technology trans­
fer, adjustment of procedures to local circum­
stances as well as health and safety mea­
sures. The use of PPP funds is suitable when 
measures are not legally demanded and im­
plementation would fail to materialise in their

absence. PPP cannot be utilised for funding 
the core business of a company.

Who benefits from PPP?
PPP can be utilised by German companies 

and their subsidiary companies, i. e. joint 
ventures with German partners or wholly Ger­
man owned enterprises in developing coun­
tries.

What is in it for you?
The funds allocated within PPP shall, in 

general, amount to a maximum of 50% of the 
costs of an individual activity that is eligible 
to receive support. The contribution through 
the PPP programme should not exceed EURO 
200,000.-. The level of the public contribution 
will be individually decided for each case. We 
provide competent and country-specific ad­
vice to support PPP activities in all phases. We 
will also gladly inform you about possible co­
financing of the original investment project by 
the DEG. We provide long-term loans, equity- 
type loans or even equity holdings.
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What do you have to do?
Please briefly introduce your project to us ( 

a checklist is given on the next page). We will 
evaluate your proposition and check if it is el­
igible for support on the basis of a Apublic- 
private-partnership®. If you have questions 
in this regard, please feel free to contact us.

Who is your partner?
For over 35 years the DEG has supported 

entrepreneurial activities in developing coun­
tries through financing and advisory services. 
Our main objective is to uplift the living cir­
cumstances in these countries through sus­
tainable economic growth. This necessitates 
the establishment and development of effi­
cient private sector enterprises. We mobilise 
long-term investment capital, technical, man­
agement and marketing expertise and thus 
provide on-going support at all levels of a 
project=s development.

Four examples for development partner­
ships with private enterprise:

Industrial waste water treatment as a BOT 
model in Mexico

In the mid-nineties, a German waste wa­
ter and waste treatment firm set up a com­
pany with local partners in Mexico. Inter­
est in the technology offered was keen from 
the outset but small and medium-sized com­
panies in particular had considerable prob­
lems financing the facility. As part of a BOT 
scheme, the enterprise then offered to clean 
organically contaminated waste water at small 
and medium-sized enterprises itself with mo­
bile plants.

This BOT model was very well received and 
the plans are to extend it to include large 
stationary plants. This will require intensive 
training for installation, operating and main­
tenance personnel. From PPP funds DEG as­
sists training measures in Mexico and Ger­
many and has facilitated the installation of a 
stationary waste water treatment plant at a 
Mexican motor vehicle supplier, which started 
operation near Mexico City in February 1999. 
The success of this demonstration facility has 
led to subsequent orders. Another facility has 
already been installed.

Ecological market gardening in Tunisia
A German company engaged in biologi­

cal farming is planning a joint venture with 
a Tunisian trading firm. During the winter 
months, the joint venture is supposed to pro­
duce tomatos, peppers and gherkins for the 
German market first and then the European 
market.

In the test phase greenhouses are sched­
uled for construction covering up to 2.5 ha, 
with subsequent extension plans. DEG is as­
sisting the pilot phase with PPP funds and 
has also provided DM 1.2 million from its 
own funds as a long-term loan to finance 
the investment. So far, no experience has 
been gained with extensive ecological veg­
etable growing in greenhouses in Tunisia. If 
successful, this pilot project will create about 
70 jobs in the infrastructurally weak South 
of the country, earn export revenue and also 
afford various opportunities for cooperation 
with Tunisian agricultural research institutes.

Master craftsman training in the PR China 
In the Chinese inland province of Guangxi a 

German gear and axel manufacturer for build­
ing machines founded a joint venture in 1996 
with China’s largest building machine manu­
facturer. Production operations require qual­
ified manpower - business and technical pro­
fessionals who are unavailable in the under­
developed region.

In a 120-day course Chinese skilled work­
ers are being trained on modem CNC- 
motorized metal-tuming lathes by German 
master craftsmen and skilled workers to qual­
ify them as foremen and master craftsmen. 
DEG will bear a part of the costs of this train­
ing project. So German enterprises can set 
exemplary quality and training standards in 
the region and help secure jobs.

Windparks in Ghana
A German enterprise in the wind energy 

sector plans to set up several windparks in 
Ghana. Extensive wind measurements are re­
quired at the scheduled locations. DEG is 
assisting with the wind measurements and 
the necessary measuring facilities as a pre­
investment measure drawing on funds avail­
able through the Public-Private Partnership 
Programme.

The measurements are an essential ele-
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ment for project planning. The use of mod­
ern, environment-friendly wind power tech­
nology would improve Ghana’s power supply 
and save on energy imports. The windpark 
would create about 240 new jobs for qualified 
local personnel.

Klaus Schatte
DEG - Deutsche Investitions- und
Entwicklungsgesellschaft mbH
Special Programmes
Post Box: 45 03 40
D - 50878 Koln
Tel.: +49221-4986-276
Fax: +49221-4986-176
eMail: sts@deginvest.de
PPP-Hotline: +49221-4986-476 eMail:
ppp@deginvest.de

The DEG is Germany’s finance and advisory 
institution for the promotion of private sector 
growth in Africa, Asia, Latin America as well 
as Central and Eastern Europe. PPP is a new 
support programme of the German Federal 
Government. Its objectives are to strengthen 
and intensify private sector initiatives in de­
veloping countries and newly industrialised 
countries. The DEG was selected to admin­
ister this programme.
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EIB (European Investment Bank) Lending for 
Renewable Energy
Nigel Hall

Introduction

This presentation is aimed at providing an overview of the European 
Investment Bank’s activities in the renewable energy sector, with a par­
ticular focus on the potential for lending in developing countries. Af­
ter some general background information on the Bank, a description 
is given of the resources available for lending to countries outside the 
EU. The Bank’s appraisal procedures are then explained, with details of 
lending in the renewable energy sector in recent years, and finally the 
potential for lending for smaller-scale de centralised renewable energy 
projects is discussed.

The European Investment Bank

Background
The European Investment Bank is an au­

tonomous institution that was created in 
1958 by the Treaty of Rome, which estab­
lished the Common Market, the forerunner 
to today’s European Union. It operates on a 
non-profit basis, providing long-term loan fi­
nance for capital investment projects further­
ing EU policies. The EIB is completely inde­
pendent and raises its financial resources on 
the capital markets to invest in projects; it is 
not funded from the Union’s budget. The EIB 
benefits from a “triple-A” credit rating which 
is due to, and relies on, the soundness of its 
credit policies and financial operations, the 
quality of its loan portfolio and the financial 
strength of its owners, the fifteen member 
states of the European Union who subscribe 
to its capital. This credit status enables the 
Bank to raise large volumes of funds at at­
tractive terms.

The Bank works closely with the Mem­
ber States and with the other institutions of 
the EU, including the European Council and 
the Commission. The Bank’s primary objec­

tive is to finance projects that promote the 
balanced development and integration of the 
Union. Outside the EU, the EIB supports the 
Union’s aid and financial co-operation poli­
cies. These are aimed at fostering sustainable 
social and economic development in develop­
ing countries, together with their progressive 
integration into the world economy. Particu­
lar emphasis is given to projects forging closer 
links with the EU and encouraging joint ven­
tures between local promoters and EU com­
panies.

The volume of the EIB’s operations has 
grown steadily during its 40-year life and to­
day it is the largest multilateral financial in­
stitution as well as the world’s largest non­
sovereign borrower. Over the five year pe­
riod from 1995 to 1999, it provided over EUR 
132 billion, of which EUR 17 billion were for 
projects outside the EU.

Lending mandates outside the EU
The Bank operates outside the EU un­

der a number of different financial proto­
cols attached to association and co-operation 
agreements between the European Union and 
countries in other regions. These include 12 
countries in the Mediterranean region (Euro- 
Med partnership), 11 countries in Central
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and Eastern Europe (CEE), 30 countries in 
Asia and Latin America (ALA) and, under 
the Fourth Lome Convention, in 71 African, 
Caribbean and Pacific (ACP) States. As from 
June 1995, the Bank has also been autho­
rised to operate in the Republic of South 
Africa (RSA).

In December last year the EU Council ap­
proved amounts for several new mandates 
covering the six-year period from 2000 to 
2006. The lending packages are as follows:

• Central and Eastern European Coun­
tries, EUR 8.7 billion;

• non-EU Mediterranean countries, EUR 
6.4 billion;

• Asian and Latin American countries, 
EUR 2.5 billion; and

• South Africa, EUR 0.8 billion.
The second financial protocol of the Fourth 

Lome Convention, covering lending to ACP 
countries during the period 1996 to 2000, 
provided for the Bank to lend EUR 1.0 bil­
lion of risk capital, supplemented by EUR 
1.7 billion in loans from the EIB’s own re­
sources. Risk capital operations are funded 
from the EU budget (European Development 
Fund) and can take a variety of forms, in­
cluding direct and indirect equity participa­
tion, subordinated debt, support for privati­
sation purchase schemes and loan guarantee 
funds.

Details of the framework for lending in ACP 
countries after the current protocol has ex­
pired is currently under discussion, however 
it is expected to include a similar package of 
resources, with special support for infrastruc­
ture projects in the least-developed and post­
conflict countries as well as for projects with 
clearly demonstrable social or environmental 
benefits.

Loans made under the above mandates 
are provided with a political risk guarantee, 
to cover risks associated with expropriation, 
war, civil disturbance and the availability of 
foreign exchange. This guarantee is sup­
ported by the EU budget and is offered at no 
cost to borrowers.

Loan conditions
The role of the EIB is complementary to 

the rest of the financial sector - unless there

are exceptional circumstances, the size of the 
loan provided by the EIB is not more than 50% 
of the outturn cost of a project. Normally the 
proportion is lower, typically in the region of 
25-30%, and the EIB usually expects a solid 
commitment by the project promoter from its 
own funds.

In practical terms, the Bank can bring spe­
cific advantages to the table, including loans 
with long maturities, typically from 10 to 12 
years for industrial projects and from 12 to 
15 years or more for infrastructure projects, 
at a cost that reflects its rating on the cap­
ital markets and the small margin required 
to cover its expenses. Loans from the Bank’s 
own resources made under the Lome Conven­
tion are eligible for interest rate subsidies pro­
vided from the European Development Fund, 
and a similar mechanism is likely to be avail­
able for specific projects under the new proto­
col for lending in the ACP region.

The resources provided under the various 
lending mandates are equally available for pri­
vate sector and public sector promoters, the 
main difference being that private sector bor­
rowers, not benefiting from a sovereign guar­
antee, are required to provide a first class 
guarantee for the Bank’s loan to cover com­
mercial risk associated with the project.

Project appraisal
The EIB’s dual role as a bank, operating on 

sound and prudent business principles, while 
simultaneously being a non-profit making in­
stitution conceived to further the policy objec­
tives of the EU gives the EIB a different per­
spective from the commercial banking world. 
In order to fulfil its remit, in addition to a thor­
ough financial analysis of its borrowers, the 
EIB carries out a full economic and techni­
cal appraisal of the projects it is asked to fi­
nance. The EIB places particular importance 
on the environmental impact of projects and 
has to be sure that all projects that it is in­
volved with meet certain conditions, including 
no unacceptable long term damage to the nat­
ural environment and clear plans for making 
good any short or medium term damage. A 
full Environmental Impact Assessment (EIA) 
is required for large projects with potentially 
serious negative environmental impacts.

So far as the layout and content of invest­
ment proposals are concerned, the range and
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diversity of potential projects makes it imprac­
tical to impose any strict standardisation and 
the Bank does not require potential borrow­
ers to complete set forms or questionnaires. 
It is left to the initiative of the promoter to 
compile as detailed information as possible to 
facilitate appraisal of the project. If the con­
clusion of the appraisal is positive, the EIB’s 
Management Committee submits the project 
to the Board of Directors, which decides on 
the granting of the loan, taking into account 
the opinions of the various parties involved, 
including the European Commission and the 
State in which the project is located. A set of 
guidelines covering the information required 
by the Bank, together with details of how to 
get in touch with the EIB, are included in An­
nex I.

EIB lending for renewable energy

The economic benefits of renewable energy 
projects
The Bank has recognised for many years that 

renewable energy in its various forms (wind, 
biomass, hydro, solar, geothermal, etc.) can 
provide benefits when compared with conven­
tional fossil fuel-fired generation. Apart from 
the role that they play in reducing dependence 
on oil imports, renewable energy projects have 
the added attraction of reducing the overall 
emission of carbon dioxide (C02) and other 
polluting gases at a time of increasing inter­
est in climate change and air quality.

The Bank’s statute requires that its funds 
are employed as rationally as possible and 
where the execution of the project contributes 
to an increase in economic productivity. In 
practical terms, this requires the Bank to be 
satisfied that a particular project represents 
the “least cost solution” when compared with 
the available alternatives. Comparing a re­
newable energy project with alternative power 
generation options may reveal that the invest­
ment and operating costs over the lifetime of 
the project, taking into account the associ­
ated costs of transmission and distribution, 
are less than that of alternatives, in which 
case the economic justification is likely to be 
straightforward. In many cases, however, the 
benefits of renewable energy are not explicit, 
as they accrue not just to the project promoter 
but to the wider environment, by virtue of

avoiding, in particular, the atmospheric pol­
lution caused by fossil fuel fired generating 
plant. Despite the uncertainty over the sig­
nificance of external effects described above, 
many countries have agreed in principle to re­
strain the emission of greenhouse gases so as 
to avoid possible negative impacts in the fu­
ture (the so-called “precautionary principle”).

Notwithstanding this, in order to be eligi­
ble for a loan from the EIB, all projects must 
be able to demonstrate both economic and fi­
nancial viability, so that even if a renewable 
energy project can be shown to have signifi­
cant external economic benefits, the revenues 
generated by the project must be sufficient 
to support the capital investment required. 
In many cases, developing countries do not 
have financial resources available to compen­
sate renewable energy projects for the exter­
nal benefits that they provide and it is only 
those projects that can compete directly with 
fossil fuel-fired generation that can be imple­
mented. In the past, this has largely restricted 
the field of the Bank’s involvement to hydro­
electric schemes, although this is not always 
the case, as evidenced by the Bank’s recent 
participation in projects in the wind, biomass 
and geothermal sectors (see below).

Other benefits of renewable energy projects 
may result from decentralised production and 
increased security of supply, while the sec­
tor also has the potential to provide a signifi­
cant net increase in employment, in particu­
lar among the many small and medium-sized 
businesses involved in the sector. Its devel­
opment also offers substantial opportunities 
for export by European businesses, many of 
which are World leaders in the field of renew­
able energy technology.

EIB loans for renewable energy projects
As in all other economic sectors large- 

scale renewable energy projects are financed 
by means of individual loans concluded ei­
ther directly with promoters or indirectly 
through financial intermediaries while small 
and medium-sized ventures are normally 
funded through global loans. The latter are 
essentially lines of credit that are made avail­
able to local banks or financial institutions for 
on-lending to private businesses and public 
sector promoters.

So far as statistics are concerned, during
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Figure 1. Loans signed in the renewable energy sector, 1993-1999, by year, 
inside and outside the EU - individual loans and global loan allocations 

(total 1655 MEUR)

Figure 1: RE Financing

the year period from 1993 to 1999, the Bank 
signed loans in volume terms of around EUR 
1.65 billion in support of renewable energy 
projects - see figure 1. This represents just 
over 5% of the total amount provided in the 
energy sector as a whole over the same period. 
72% of financing for renewable energy be­
tween 1993 and 1997 was for projects within, 
and 28% outside, the European Union.

EIB lending in the sector was dominated 
by hydro-electric projects (78%), with some 
windpower (13%); other subsectors included 
geothermal schemes (6%) and biomass-fired 
power plants (3%) - see figure 2. In to­
tal, projects involved the installation of 3 878 
MWe of new capacity and the refurbishment 
of 4 233 MWe of existing plant.

Within the EU, EUR 981 million was pro­
vided for a total of 15 individual operations, 
including hydro-electric plants in Italy, Aus­
tria, Sweden, Spain, Portugal and Finland; 
wind farms in Spain, Italy and Germany; 
geothermal power schemes in Italy; and power 
plants fired by wood and other biomass in 
Sweden. A further EUR 213 million was pro­
vided through global loans, mainly for wind- 
power and hydroelectric schemes.

Outside the EU, 19 loans were made to the 
renewable energy sector from 1993 to 1999, 
for a total of EUR 459 million. Loans dur­
ing this period were predominantly for hydro­
electric projects, mainly in Africa, but also 
included a large-scale wind power project at 
Koudia A1 Baida in Morocco, a bagasse- and

coal-fired power station at Belle Vue in Mau­
ritius and geothermal power plants in Iceland 
and Kenya.

Although renewable energy sources are 
widespread in many parts of the world and of­
fer considerable advantages over the burning 
of fossil fuels, their potential has, so far, not 
been fully exploited and renewable projects 
remain a relatively small proportion of the 
Bank’s portfolio of energy sector loans. This 
may be due to several factors: firstly, although 
operational expenses may be low, there is of­
ten a comparatively high initial investment 
cost, which increases the financial exposure 
at the beginning of the project’s life, making 
them harder to fund. Furthermore, renewable 
energy projects may involve new and relatively 
unproven technology, implying a correspond­
ingly high level of technical risk and making 
them difficult for investors to assess. So far 
as the Bank is concerned, the size of many 
projects falls below the threshold for a direct 
loan, and global loan intermediaries may not 
have the expertise to appraise this type of 
project. Finally, in many cases projects pro­
vide external environmental benefits that are 
not fully compensated by the financial returns 
to the promoter.

Decentralised “off-grid" production
Much attention has been focused in recent 

years on the potential for renewable energy 
technologies to provide electricity to remote 
communities in developing countries that do
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Figure 2. EIB lending in the renewable energy sector, 1993-1999, 
inside and outside the EU, by type of project (Total 1 655 MEUR)

biomass

Figure 2: Project types financed

not have access to a centralised electricity 
distribution network. Examples include indi­
vidual photovoltaic systems, biomass plants, 
wind turbines and small-scale hydro-electric 
schemes. Although the Bank is fully prepared 
to consider support for such schemes, it is a 
pre-requisite, as for all other projects, that 
each project is financially viable and offers 
the most effective technical and economic so­
lution in the particular circumstances. It is 
also a requirement that procurement be car­
ried out using open and competitive proce­
dures. An inherent difficulty so far as ac­
cess to EIB funding is concerned is the small 
scale of individual projects and the modest fi­
nancial strength of many project promoters, 
which can make the necessary loan guaran­
tees hard to obtain. Nevertheless, the Bank 
is ready to consider possible solutions, such 
as the provision of a public sector loan guar­
anteed by the state for on-lending to individ­
ual promoters or a global loan to a local fi­
nancial intermediary for financing small-scale 
projects or “micro-utilities".

Future opportunities for renewable energy 
- EIB support

From the Bank’s perspective, future 
prospects for the sector are promising, due to 
a number of factors:

• technologies are improving, leading to 
increased efficiency and reliability; o 
costs are falling, in some cases quite 
rapidly (in the windpower sector, for in­
stance, real prices per kilowatt have 
fallen by around two thirds over the last 
fifteen years);

• the renewable energy manufacturing 
and service industries are maturing;

• and, last but not least, public attitudes 
towards the use of renewable energy are, 
in general, highly supportive.

These trends all contribute to making re­
newable energy projects more “bankable”, 
even though in some cases a blend of loan 
and grant finance may still be needed to make

120



Hall: EIB Lending

projects financially viable. As a consequence, 
although EIB lending has so far concen­
trated on the more commercially and techni­
cally developed sectors such as hydro-electric 
and windpower, and other renewable energy 
schemes (e.g. biomass, charcoal, wood, so­
lar and geothermal projects) so far play little 
part in the Bank’s loan portfolio, this could be 
expected to change in the future as alterna­
tive technologies become more commercially 
viable.

Nigel Hall 
Senior Engineer
European Investment Bank (EIB) 100, boule­
vard Konrad Adenauer 
L-2950 Luxembourg 
Tel.: +35-2-4379-2435 
E-mail: n.hall@eib.org 
web: www.eib.org
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The Emerging Role of Carbon Credits in 
Renewable Energy Project Financing
Marc Stuart

Introduction

Everything we’ve been talking about over the last two days has a sec­
ondary byproduct, which is the reduction of emissions, which is gen­
erally a service for the global commons. Emissions trading is basicly 
taking that service and turning that service into a commodity that is 
tradable. Ultimately, what I’m going to discuss is taking that commod­
ity at this juncture, and over the next several years, and using the value 
of that commodity to help arrange financing. •—

Various people have said that money isn’t everything when it comes to getting renewable 
energy projects up and running. I agree, but it doesn’t hurt. This is clearly a value that appears 
to be moving towards reality. The nice thing about the money that comes from emissions trading 
and from transactions of emissions is that it is performance-based. It's not necessarily all up­
front money which can be lost in the future.

Sources of the current emissions trading 
dynamics

The Kyoto Protocol will be implemented be­
tween 2008 and 2012 for industrial countries. 
There will be a shortfall in terms of emissions 
that will be emitted by those countries and 
what they are allowed to emit, somewhere be­
tween 500 million and 3 billion tons per year. 
This is dependent on various different factors.

Last year we were commissioned by the UN 
to look at this. I hired an economist, and 
handed her a stack of paper about a meter 
high, and I said “tell me exactly what all this 
means ”. She said that the assumptions are so 
different among the different studies you read 
that you cannot take any one study to be cor­
rect, in terms of commercial diffusion of new 
technologies, assumptions behind emissions 
trading, or issues regarding forest sinks. As 
such, we use the 1 billion tons per year as a 
nominal figure, but this could be off as well.

Either end is significant. 500 million tons 
of CO2 reduction requirement to come out of 
the developing world is a substantial amount.

What is happening is the Kyoto Protocol 
is enhancing the use of renewable energy, 
and higher efficiency in conventional power 
plants. This outcome is being further en­
hanced by the fact that we have technologies 
that are advancing, such as wind, fuel cells, 
solar, PV, etc. It’s a nice circular loop - we 
have on the one side a new dynamic that’s 
pushing this to occur, and on the other side 
we have technologies that are moving forward.

Trends in industrial countries
In industrial countries, there will be very 

standard positive dynamics occurring to en­
hance renewables. You’ll see a continuance in 
the enhancements of such things as new tax 
credits. You'll see power purchase agreements 
that are more favorable to renewable energy. 
What is new is that you’ll see that renewable 
energies in industrial countries will have an 
enhanced competitive status, because:

• They won’t have to pay emissions tax.

• In areas where you have emissions trad­
ing in a domestic context, they will not
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need emission permits to supply electric­
ity or their electricity product into the 
marketplace.

These are advantages that will continue the 
circle of technologies getting better and poli­
cies to enhance those technologies allowing 
that to occur.

Emissions reduction and emissions trad­
ing

There are two potential points of entry for 
developers of emission reduction projects in 
emissions trading.

• They can earn allowances in industrial 
countries.

• They can create credits in developing 
countries.

Key questions are: “What is the difference?” 
and “How do the differences impact strategies 
of developers in assessing the relative value of 
different assets?”

Within industrial countries, the allowed 
emissions under the Kyoto Protocol is that we 
have a capped volume of allowed emissions. 
For example “I can emit a million tons, he can 
emit two million tons” etc. This is what we 
mean by “capped”. We can redistribute within 
that, but we cannot grow the allowed emis­
sions within the various different parties.

The only way a renewable energy developer 
actually gains credits is if there is a specific 
legislation or agreement that allow them to 
earn allowances from that pool of allowances. 
This occurs in the United States with sulfur 
dioxide (S02) trading. There is a mechanism 
whereby renewable energy can earn S02 al­
lowances, then sell them into the market. We 
have the model of the global greenhouse gas 
market in the US in S02. Renewable energy 
for, I believe, every 50 MWh can earn one S02 
credit. As it currently stands, that’s not worth 
veiy much - it only adds perhaps a half a per­
cent to one percent to the value per MW h. 
This is simply because when the legislation 
was created, that was the multiplier that they 
used.

There are no credits in developing emis­
sion reductions or developing renewable en­
ergy projects in the industrial world. There 
is only the potential to earn allowances, and

those will be case-by-case in each country ac­
cording to various different policy parameters.

Emissions trading and developing coun­
tries

In developing countries, however, you can 
earn credits. What this means is that rather 
than having our own particular pool of al­
lowed emissions, I could go to somebody else, 
such as Brazil, China, or India. If I was 
to demonstrably reduce emissions in those 
countries to the satisfaction of regulatory au­
thorities, I could import those credits, which 
now would be the equivalent of allowances 
and grow the initial pool.

The mechanism under which this occurs is 
called the “clean development mechanism” or 
Article 12 of the Kyoto Protocol, and the com­
modity is referred to as a “certified emission 
reduction”. Note that the word “certified” is 
very important.

One point I make here is that allowances 
as we discussed them - the allowed emis­
sions among industrial countries - are only 
good between 2008 and 2012. Theoretically, 
we can start earning certified emission re­
ductions under the clean development mech­
anism from this year onward, banking emis­
sion reductions up to the year 2008.

For developing countries, this is potentially 
a huge advantage. Ultimately, any invest­
ment I make in emission reductions in, say, 
Russia, Poland, or the United States, only 
has value emerge under the Kyoto dynamic 
as of the year 2008. Under the clean de­
velopment mechanism we can begin earning 
credits, which can be used in that pool, and 
that earning of credits can occur over the next 
seven years.

Assets under emissions trading
How do we evaluate an asset under emis­

sions trading? There are three main compo­
nents:

• What is the asset? What are the emis­
sions?

My company is fairly agnostic about this - we 
don’t only deal with renewable energy. We 
also work quite a bit in forestry, power plant 
upgrade efficiency, and transportation, for ex­
ample.
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In most renewable energy, the general as­
sumption is that the emissions profile of the 
renewable energy asset is zero. This may 
change for some types of technologies, and 
when people start looking more carefully at 
life cycle emissions.

However, it’s more important where the as­
set is than what the asset is. You have to con­
sider what’s called the “emissions baseline” of 
the sector in question - electricity, for exam­
ple.

When we re looking at small-scale renew­
able projects, we’re generally looking at some­
thing along the lines of a diesel generator of 
a particular efficiency, which can be found 
in that particular area. When we look at 
industrial-scale projects, obviously the gen­
eral background to how that commodity - 
electricity - has been produced in the past, 
and is projected to be produced in the future 
is extremely important. Therefore, we get into 
geographic differentials. For example, China 
is better for this than Brazil, because the Chi­
nese electrical grid is reliant on black coal, 
whereas Brazil is mainly using hydro power 
and gas at this point.

• What is the current attitude of the gov­
ernment towards transferring credits?

For example, Costa Rica is better than China. 
I know that if I go to Costa Rica, I have a veiy 
good chance of easily earning credits. They 
will stamp the approvals I need to earn those 
credits much more quickly than in China at 
this juncture.

• Can the performance of the project be 
readily be certified?

You need to be able to quantify the emission 
reductions in a credible fashion that is accept­
able to the international community. There 
are already a number of international certifi­
cation agencies emerging to do exactly that. A 
difficulty with small-scale renewables is that 
it is often very hard to certify performance in 
term of exactly how much energy they are dis­
placing over time.

Let’s review very quickly: you need to do 
some investment in additional aspects of anal­
ysis to make a project work under emissions 
trading. You need to start accounting for 
greenhouse benefits early on.

Emissions trading markets
There are two particular markets in emis­

sions trading: the origination market in 
project finance, and a secondary market in 
commodity trading. Principally, I’m interested 
in discussing the origination market in project 
finance. There is a secondary market; I can 
go to brokers and get quotes on carbon right 
now. Last year, there were roughly $45 mil­
lion to $50 million of actual secondary com­
modity trading in carbon units done in bi­
lateral trades. It’s highly risky at this point, 
but some people think they can spend a very 
low amount of money now and ultimately gain 
when this becomes a more fluid market.

Carbon provides another upside to devel­
opment in renewable energy. The immediate 
need is to determine who owns the legal ti­
tle. Legal title is extremely important; many 
times, we have had clients who have said “we 
have been doing a project, on the following 
things, and we would like to get carbon value 
out of this”. We ask who in the original con­
tract with the financiers and with the power 
purchase agreement owns the emission re­
duction. If the original contract does not state 
who owns the emission reduction, this creates 
problem.

You can do transactions for carbon financ­
ing separately, or you can do them with the 
main financing agreement. We see that the 
idea of stripping out the carbon value - either 
carbon allowances or credits - into separate 
finance vehicles is going to be a major area of 
growth. There is no need for carbon to partic­
ularly stick with the principal commodity and 
the principal production.

Currently, the carbon market, while grow­
ing rapidly, is bilateral non-liquid, and this 
limits the types of structures that are read­
ily available. As we move into a more liquid 
market, the types of structures I’m going to 
talk about are going to become more real.

One area that we are particularly inter­
ested in is the use of carbon value to help 
facilitate debt guarantees. As we’ve heard 
several times, one of the major difficulties in 
smaller-scale renewable projects in particu­
lar is getting competitive price debt into those 
types of projects. If you can use early car­
bon value to help adjust that, and help pur­
chase debt guarantees, there is a major po­
tential that this value could facilitate.
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Tapping the carbon market
There are two ways we see originators able 

to tap the carbon market. One is what we 
call a carbon purchase agreement. This is 
what we recommend to parties that are hav­
ing difficulty getting their project financed at 
the outset. Essentially, they need a bit more 
money to put it over the top. It’s the equiva­
lent of a power purchase agreement in which 
the buyer and seller agree to a delivery sched­
ule and price. It’s a fairly low requirement - 
you don’t need to know a lot about the whole 
process to do this. You’re basicly selling at the 
up-front.

The second type is a merchant carbon pro­
ducer, and I’ll get to that soon. A carbon pur­
chase agreement effectively means that you’re 
selling a percentage of your volume of carbon 
over time. We’ve seen anywhere from 100% 
to 20% of the emission reductions being sold 
via a carbon purchase agreement. It’s a con­
tracted payment stream over time, and par­
ticular times have particular values. The val­
ues can be determined at the outset, or can 
be based on any number of external bench­
marks. It’s a slightly higher risk for the devel­
oper if you work off benchmarks - you don’t 
get all your money up front. It may not be as 
bankable if you have a yearly payment based 
on performance. You’re probably going to get 
a slightly better price, based on what we’ve 
seen from the market at this point. However, 
the counter-party and non-performance risks 
increase.

A new kind of transaction we’ve seen is 
called a merchant carbon plan. This is the 
equivalent of a merchant power plan in a de­
regulated environment. To make this happen, 
you need a liquid demand for carbon credit, or 
you need to assume that the liquid demand is 
going to emerge. Unlike electricity, you can 
actually bank credits over time, to wait for 
more favorable market conditions. If prices 
are low, you don’t have to sell at that point - 
you can continue to accumulate and wait for 
the market to improve. If you need the money 
up-front, this is not the type of thing to get 
into, because you’re basicly using your con­
ventional financing to start the project, then 
you’re capturing this as an upside between

the project developers and the financiers. It 
requires pro-active market decisions. Basicly, 
whatever you decide to do with your carbon 
at this juncture should not impact what your 
financing structure should be at this point.

You clearly can separate your carbon value 
from this conventional part of a project. For 
example, you could have a power purchase 
agreement for the power plant, and a mer­
chant carbon agreement for the carbon side. 
One does not define the other.

If you’re going to get into the merchant sit­
uation, you need very active participation in 
the market. You need somebody tracking the 
carbon market, and you need somebody who 
understands where things are going and what 
they can be doing. There is no compelling rea­
son that we can see for most renewable en­
ergy developers outside of somebody like En­
ron, for example, to rely on internal expertise 
to participate in this new commodity market.

The future of the carbon market
Academic research shows that this market 

should be worth between 5 and 25 dollars 
per ton by 2008. Once again, that uncer­
tainty is extreme because of the uncertainty 
in the market. Current bilateral spot market 
- we’re seeing between one to three dollars, 
depending on risk. You can see my slides 
on the website to determine what the risks 
are. The World Bank Protoype Carbon Fund 
is promising about five dollars a ton, but this 
is a fairly difficult thing to get into, and there 
is a fairly high barrier for entry of assets at 
this juncture. There are many opportunities 
for growth, yet there are many risks if you’re 
unprepared.

Thank you.

Marc STUART
Director, EcoSecurities Ltd
Harvard Square, 206 West Bonita
Claremont, CA 91711 USA
Tel:+1-909-621-1358
fax:+1-909-621-7438
e-mail: marc@ecosecurities.com
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Demonstratioiydf Renewable Energy 
Technologies in Developing Countries: The 
E7 Initiative 
Michael Hader

Introduction

I want to use the time to tell you something about the engagement of E7 
in renewable energy technologies, especially about one new project and 
a new financial concept we introduced there. We think it’s a good model 
for future investments in renewable energy technologies in developing 
countries.

Origins and role of the E7
First of all, I have to tell you what E7 is. 

E7 was established in 1992 by some of the 
world’s leading suppliers of energy services 
with the aim to foster concrete and real-life 
sustainable energy development. The “7” of 
E7 corresponds to the “G7”, the club of the 
world’s seven biggest economic powers. To­
day, we have got eight members in the E7 ini­
tiative. Three are from Europe; they are Elec- 
tricite de France, Italian Enel, and RWE, the 
largest electric utility in Germany. There are 
three from North America; Hydro Quebec and 
Ontario Hydro from Canada, and Edison In­
ternational from the United States. Last but 
not least, there are two Japanese companies 
- Kansai Electric Power Company and Tokyo 
Electric Power Company.

The common goal of the E7 initiative is to 
play an active role in protecting the global en­
vironment, and to promote efficient genera­
tion and use of electricity. We do it in a very 
special way that makes us unique compared 
with other organizations: we make available 
our expertise and many years of experience 
concerning a more efficient and lower-impact 
electricity supply and use in concrete projects 
and free of charge.

To reach this goal, E7 created the "E7 Net­
work of Expertise”. This network is aimed to 
improve co-operation between E7 members,

and to act as an advisory board to electric util­
ities, governments, NGOs, and other partners. 
Furthermore it is the platform to develop con­
crete programs and to engage in correspond­
ing projects.

Until now, we have distinguished between 
three different types of activities. The first 
is the network project, where E7 offers tech­
nical assistance to beneficiaries, such as to 
develop and operate reliable and environmen­
tally sound power systems. We promote opti­
mal primary energy use by making use of the 
fact that current E7 members show a great 
deal of diversity in their energy mix. And we 
foster customer energy efficiency by design­
ing sophisticated tariff structures and by in­
stalling load management techniques.

The second type of activities is our human 
capability building program. This includes 
measures to improve the know-how in de­
veloping countries towards construction and 
management of sustainable energy systems. 
We do this by workshops and intensive train­
ing activities in these regions.

Last but not least, we lay main empha­
sis on concrete joint implementation projects. 
Currently, we have got three concrete projects 
in this area. One is placed in Zimbabwe, 
where we build a small hydro power station. 
The second one is in Jordan, where we are do­
ing some retrofitting measures to improve the 
energy efficiency of some fossil-fueled gener­
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ating units. The third is in Indonesia, where 
we are installing a mix of renewable energy 
systems. This is the project I want to tell you 
more about.

To date, we have got over a hundred 
projects that have been completed, or are still 
in action all over the world.

The work of E7 in Indonesia
The project we push forward in Indone­

sia has the purpose to supply a limited but 
reliable amount of electricity to households 
and community facilities through small au­
tonomous electric systems. We are doing this 
in remote areas of the province of Nusa Teng- 
gara Timur.

Several types of small autonomous sys­
tems have been installed there: two hundred 
sets of solar home systems, four micro hy­
dro power plants with a total capacity of 140 
kW, and one hybrid solar/wind system. The 
current status of this project is that the so­
lar home systems have operated successfully 
during the past year, the four micro hydro 
systems are producing electricity for half a 
year, and the hybrid power system is just un­
der implementation, and will be handed over 
possibly this month.

A second aim of the project is to reduce 
CO2 emissions by about 30 000 tonnes over 
the period of the technical life of the system. 
Until the project was in force, the houses con­
sumed fossil fuel-based energy, particularly 
kerosene and battery charging. By changing 
this to renewable energies, we did a significant 
deal to reduce C02 emissions. Another side 
effect is that the indoor quality could be im­
proved, as fumes from kerosene lamps caused 
chronic aspiratory irritation.

The development of the project was done 
in close co-operation with the Indonesian gov­
ernment. The project is monitored and sci­
entifically evaluated in accordance with the 
international climate protection regime. We 
want to establish it as a pilot phase AIJ 
project, with possible later certification as Mr 
Stuart told about.

The third project aim, and the one I want 
to tell you a bit more about, is that we tried to 
establish a self-financing concept, and even 
a self-management concept. We carried out 
a detailed socio-economic field study to find- 
out about the ability and willingness to pay for

electricity in this remote area. We therefore 
registered all types of incomes like salaries, 
wages, transfers, income from agro-forestry, 
and so on, and the expenses for energy by 
questoinnaire in different peripheral villages, 
some with and some without access to a grid. 
By comparing the data we determined a good 
indicator on evaluating the willingness to pay 
of inhabitants in the focused remote villages. 
In correspondence, and based on these esti­
mates of willingness to pay, we developed an 
adaptive tariff system with two main parts: 
first, an initial down payment as a fee to 
join the club of users, and second per-annum 
rates with flexible payment modalities for the 
users.

We then established a co-operative for do­
ing two main jobs. On one side, the co­
operative has to guarantuee for the technical 
management. Therefore E7 trained the head 
of the co-operative in how to handle the ser­
vice and to do the maintenance, particularly 
of the solar home systems. On the other side 
it has to establish a fund to cover the operat­
ing costs, and to build up a reserve for future 
re-investment in additional or substitute facil­
ities.

I have to admit that the financing concept 
is not a truly self-financing one, as the initial 
capital costs are covered mainly by E7. The 
E7 initiative made a one-time kick-off invest­
ment, by giving the material, installation, and 
training to the people of this region. And we 
think that the project will work smoothly in 
future without any help from outside.

Project difficulties
While the project works well now, we had to 

overcome several difficulties in the past.
First, to get acceptance of the people to 

a new financing scheme that is more expen­
sive to consumers than traditional develop­
ment aid projects (where everything is for free) 
was a big problem. But we think that a “no 
free lunch” approach is much more better­
fitting, as the financial responsibility of the 
users makes them care more about the sys­
tem than if it was given free of charge. This is 
actually our experience after a year of opera­
tion: the SHS systems do work smoothly, and 
the people really do care for them.

A second difficulty to overcome was to 
make clear the sense of savings, and re­
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investment. It took much time to convince 
the people that it is necessary for them to put 
some money away so that the system will con­
tinue to work after the first solar home sys­
tems have expired.

Then, we had some normal problems with 
training and technical understanding.

A fourth problem was to manage logistics 
in these remote areas. Therefore, we started a 
one-man office to accompany the project dur­
ing the pre-phase and the start-up.

And the acknolodgement as AIJ is still 
missing. We do have the acknolodgement of 
the German government, and we hope to get 
the same from Indonesia when we hand over 
the last hybrid power station this month. The 
project is put in the “Uniform Reporting For­
mat" (URF) of UNFCCC so that final acknowl­
edgement by UNFCCC could be given soon.

Lessons learned from work in Indonesia
We learned some important lessons from this 

project.
First, that government back-up is abso­

lutely essential. E7 and the Indonesian gov­
ernment signed a memorandum of under­
standing in 1996, and E7 did all steps in very 
close co-operation with the Indonesian gov­
ernment to bring this project forward.

The second one is that tax issues like cus­
toms duties have to be clarified in advance, 
otherwise the investment could become a re­

ally expensive undertaking.
The third one is that the introduction of 

new project modalities, like new tariffs, re­
quire a really good concept on one side, and 
staying power on the other to get the accep­
tance of the people and of regional organiza­
tions. The involvement of local organizations 
is really recommended.

And finally, as stated, locally owned logis­
tics are really necessary.

E7 put all these experiences into one fea­
sibility study that will provide tested informa­
tion and advice to interested banks, investors, 
local industry, and others. We hope that by 
this we can help new business opportunities 
based on renewable energy utilization in pe­
ripheral areas to do a good or even better job 
in future.

Many thanks for your attention.

Dr. Michael Hader 
RWE Energie AG 
Opemplatz 1 
45128 Essen 
Germany
Tel.: +49-201.112-15735 
Fax: +49-201.122-4313 
E-mail: michael.haeder@rwe.de
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Awareness, Training and Quality Control - 
Technical Assistance for Market Development 
of Renewable Energy Technologies
Rolf Posorski

Introduction

Good morning ladies and gentlemen. I am pleased that so many of you 
attend this session on capacity building and framework conditions.

I have structured my presentation accord­
ing to the following points:

• A brief summary of global trends and de­
velopment goals and introduction of the 
key areas of BMZ promotion policy of re­
newable energies.

• Some examples will elaborate a lit­
tle deeper the case of photovoltaics in 
Namibia.

• I will conclude the presentation, with 
lessons learned and the way forward as 
we see it.

Please note that all this information is avail­
able in the brochure titled , Renewable Energy 
for Sustainable Development and Climate Pro­
tection, Materials No 100 published by BMZ.

Global Trends and Development Goals
Economic progress and population growth 

will double the energy needs of the develop­
ing countries within the next 20 years. Apart 
from coal, the outlook of energy supply is that 
low-cost fuel reserves will be exhausted within 
a few decades. From the climate point of view, 
the message is that the release of greenhouse 
gases into the atmosphere must be reduced to 
tolerable levels. Therefore, the future rests on 
efforts to reduce energy consumption through 
more efficient technologies and to increase the 
use of renewable energies.

The trend of production capacity and sales 
reports of the wind- and solar industry look

impressive. But a much higher rate of produc­
tion and market expansion would be needed 
to meet the targets for reduced greenhouse 
gas emissions, or to curtail the growth of fossil 
fuel consumption.

As important as the reduction in C02- 
emissions is the strive for improvements in 
the developing countries’ living conditions. 
This is true particularly in rural areas where 
large parts of the population have no access 
to commercial energy markets.

In light of the problems the German Min­
istry for Economic Co-operation and Devel­
opment (BMZ), has formulated its priorities 
for promoting the use of renewable energy 
sources:

• Dissemination of RE-technologies in ru­
ral areas.

• Promotion of grid-connected RE-plants 
reducing the C02-emissions of the power 
sector.

• Measures focusing on the rational use of 
energy and the utilisation of renewable 
energy in urban areas.

These priorities are in line with the goals of 
other international conventions, namely the 
Rio Protocol 1992 and the Kyoto Protocol.

Down to earth - what can be done?
Some examples:

In rural areas, photovoltaic systems pro­
vide a cost-efficient basic electricity supply 
for lighting, water lifting and communication.
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The key to a market-oriented dissemination 
of new technologies is the creation of appro­
priate framework conditions and a financing 
scheme for users and suppliers. (Example: 
Photovoltaics in Namibia).

Where fuelwood becomes scarce and ex­
pensive, the willingness of the population to 
accept alternatives tends to increase. This ap­
plies to more efficient stoves, biogas and solar 
cookers. (Example: Solar cookers in South 
Africa, biogas in Thailand and Nepal).

In many developing countries, energy sec­
tor reforms in conjunction with the removal of 
subsidies given to commercial energy helped 
to improve the competitiveness of renewable 
energies. In particular, this has increased the 
attention that electric utilities pay to wind en­
ergy within their expansion plans. (Examples: 
Wind park Brazil, Morocco, Namibia; mini hy­
dro power in China/Tibet and Indonesia).

The Case of Photovoltaics in Namibia: A 
cost-efficient option for rural electricity 
supply

A priority of the National Development Plan 
of Namibia is the socio-economic upliftment of 
the rural population by improving their access 
to public services and infrastructure such as 
health care facilities, education, transport, 
water and energy. In view of this goal, the 
Ministry of Mines and Energy, supported by 
GTZ, has launched in 1993 a programme on 
the “Promotion of the Use of Renewable En­
ergy Sources”.

The approach of this programme was not 
to create a new implementation unit in the 
Ministry, but to integrate RE into existing 
structures, programmes and responsibilities. 
GTZ advisory focussed on two levels:

• support for sector policy in facilitating 
co-ordination, creating framework condi­
tions and incentive schemes which allow 
commercial dissemination processes and 
stimulate technology transfer;

• information and advisory services for 
programme managers and market play­
ers.

In the case of Namibia, PV systems were in­
troduced as cost-effective means of supplying 
electricity to health centres and schools and 
for supplying drinking water to remote areas.

As a result the PV option is now integrated 
in the planning procedures of the Department 
of Water Affairs and the Ministry of Works. 
Since 1997 more than 50 health centers and 
schools were equipped with PV systems and 
more than 100 photovoltaic pumps were in­
stalled for rural drinking water supply.

But the real challenge is the supply of the 
private households with least cost electricity 
with SHS by a market-oriented dissemination 
approach. In the case of Namibia the strategy 
for SHS dissemination focused on 4 activities:

• increasing the awareness of the popu­
lation by means of demonstration units 
installed at rural clinics and schools as 
well as by nation-wide campaigns in all 
public media,

• creating a countrywide installation and 
maintenance network by means of train­
ing local electricians, living in rural areas 
close to the potential customers

• establishing an appropriate credit 
scheme to provide loans to rural con­
sumers willing to purchase a SHS.

Levelling the field for a price and quality 
competition and consumer protection: this 
means minimum technical requirements for 
SHS components had to be defined for deal­
ers and suppliers that want to benefit from 
the financing scheme.

There is not much of innovative know-how 
required to implement the single activities, 
but the real challenge is to gear these and a 
few more activities in a concerted way. This 
approach has to organise several independent 
actors: hardware suppliers, providers of fi­
nancial services, political level and last not 
least the customers. It makes, for example, 
no sense if a financing scheme is in place but 
this financing scheme suffers from high de­
fault rates caused by low quality products and 
non-existent after sales service.

So, the above outlined approach has suc­
cessfully been tested in a pilot phase in 
Namibia, and it is now applied nation-wide. 
The credit scheme based on a Revolving Fund 
is administered by the Namibian Development 
Corporation, but it is intended to include com­
mercial banks as well.
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Namibia already has a number of local so­
lar suppliers with good contacts to interna­
tional manufacturers. Advisory services pro­
vided by GTZ helped launch the dissemina­
tion of PV in social infrastructure services 
(schools, health clinics), in rural water supply 
and in household applications.

Lessons learnt and the way forward
How can we accelerate the process of RE­

technology dissemination? Shall we leave it to 
the market forces to grow with a sound pace 
in a competitive environment with practically 
no cost for society? Or shall we subsidise the 
access to energy and electricity of millions of 
people giving a boost to the industry, high eco­
nomic burden for the society and the thread of 
follow up costs?

These questions illustrate we have practi­
cally left the phase of technical experiments 
and demonstration. The GTZ has, over the 
past 20 years, implemented approx. 150 
projects in more than 30 countries to inves­
tigate sustainable concepts for rural electri­
fication. We have learnt that much atten­
tion should be given to influencing the polit­
ical and economic framework conditions and 
to supporting market forces in order to trig­
ger market growth. It is obvious that signif­
icant impacts can only be achieved through 
large-scale dissemination efforts with tens of 
thousands of decentralised systems. This 
highlights the importance of a viable RE in­
dustry (manufacturers, suppliers and service 
providers).

So, besides conducive framework condi­
tions, a co-operation of the policy level with 
key players in business and industry is re­
quired; a kind of public-private partnership 
that helps convert the demand for energy ser­
vices into a sustainable marketplace.

Where is the way forward? I would like to 
draw your attention to the following points:

• A growing number of developing 
countries have recognised that RE­
technologies are a cost efficient tool for 
improving the quality of life in rural ar­
eas. A good number of countries are 
ready to level the playing field for a 
market oriented dissemination of RE­
technologies. •

• BMZ is ready to support these efforts

with a substantial contribution of 200 
million DM annually.

• The international know-how allows to 
approach large scale dissemination 
projects. Institutions familiar with tech­
nical assistance like GTZ or international 
training like CDG can prepare and facili­
tate the implementation by providing ad­
visory services, co-ordinate communica­
tion between the players and accompany 
the technology transfer.

The achievements of the Wind- and PV- indus­
try including many specialized smaller com­
panies are recognised world wide. In partic­
ular, the technical maturity of products im­
proved and prices dropped significantly dur­
ing the last decade. A growing number of 
companies are ready to engage themselves in 
market development and technology transfer 
in developing countries.

And last not least: There are a number of 
internationally recognised R&D-institutes es­
pecially in Germany with intensive links to the 
industry, that are good candidates to support 
technology- and know-how transfer.

Ladies and Gentlemen, the precondi­
tions for large scale dissemination of RE­
technologies have never been better than to­
day. Large scale dissemination is essential to

• attract the support from the political 
level

• cut down specific transfer costs for 
preparing and establishing dissemina­
tion structures

• provide a critical mass to allow suppliers 
and industry to invest in marketing and 
after sales service.
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In a joint effort with our partner counties, 
the institutions of development cooperation 
and the engagement of the industry it will be 
possible to transform the need for energy ser­
vices in rural areas into a sustainable market 
for renewable energy technologies.

Dr. Rolf Posorski,
Deutsche Gesellschaft fur Technische Zusam- 
menarbeit GTZ,
Dag-Hammarskjold-Weg 1-5 
65726 Eschborn / Germany 
rolf.posorski@gtz.de 
Web: www.gtz.de
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Introduction

“Energy as a tool for sustainable development” was a joint study of the 
EU and the UNDP. The editor of the report was Prof. Ugo Farinelli. The 
study is based upon widespread consultation with individuals and or­
ganisations throughout the Africa, the Caribbean and Pacific states and 
two workshops were held to review the various key issues. (In the back 
of the report, the full contact details, including e-mail addresses of all 
the authors and reviewers are provided for purposes of correspondence).

Scope and objectives
The chapter co-ordination was done by 

two groups, One group dealt with small is­
land states, for which IT Power was coordi­
nator. The Sub-Saharan Africa chapter was 
co-ordinated by the Stockholm Environment 
Institute.

The objectives of the report were to serve 
as a guide on the main issues concerning 
energy, environment, development, finance, 
energy policy, and development co-operation. 
The report was reviewed not only by key peo­
ple within the African, Carribiean and Pacific 
states, but also by members of the develop­
ment community and the bilateral agencies of 
the European union member countries such 
as Britain, Germany, Spain, France, etc.

Conclusions of the study for Small-Island 
states

IT Power looked particularly at the small- 
island developing states, the so-called SIDS in 
those key regions. These countries, of course, 
are quite diverse. A place like Kiribati, with 
just a few thousand people scattered over a 
huge ocean area and a very low GDP per 
capita is quite different to Jamaica, which has 
high electrification already.

The total population of the AGP small is­
lands is only around 9 million. They have lim­
ited land availability, and of course, around 
50% of the population of these small islands 
live within 2 km of the sea. Other general 
characteristics of the Islands are that they 
are isolated from mainlands, in remote large 
ocean areas, environmentally vulnerable, and 
vulnerable to climatic change. It is unfortu­
nate that the small islands of the AGP are 
most at risk from climate change, and yet they 
are insignificant contributors to the causes of 
climate change.

Other key general characteristics are that 
they have limited financial reserves, and lim­
ited infrastructure, often because of the small 
populations and small, fragile economies.

Key energy sectors in many Islands States 
are transport and tourism.

The emerging visions of this study are con­
cerns over

• environmental consequences of present 
energy policies

• level of rural accessibility to energy ser­
vices

• vulnerability of states to external 
petroleum, economic, and political 
shocks
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• increasing energy consumption,

• inefficient energy use, and

• lack of adequate schemes of cost recov­
ery of energy production costs

The future of renewable energies in Small 
Island states

One of the key challenges in utilizing re­
newable energy in small island states is over­
coming some disappointing past results aris­
ing from lack of appropriate project planning, 
insufficient participatory planning with users 
and inappropriate institutional set ups.

The need to put sustainable energy into 
the non-energy sectors (health, water supply, 
agriculture and fisheries etc..) development, 
was a key conclusion of the study. Hence a 
recommendation for more integrated planning 
was high on the study’s recommendations.

The conclusions of the study represent the 
views of many organizations and individu­
als from the African, Carribiean, and Pacific 
states. These conclusions and recommenda­
tions included a need for participatory project 
implementation and effective project monitor­
ing and evaluation.

The study concluded that capacity­
building and developing integrated energy pol­
icy are key future requirements. Integrated 
energy planning is achieved by looking at en­
ergy in terms of security, access, diversifica­
tion, reduction in costs, environmental and 
political targets, sustainable energy technolo­
gies, technology leapfrogging, and energy for 
rural development, poverty alleviation, etc. 
These are key areas where capacity has to be 
built up within institutions to further these 
aspects.

Other priority areas, the study concluded, 
were

• reforming energy prices, taxes, and sub­
sidies to create a level playing field. 
Supporting innovative financing mecha­
nisms for renewable energy and energy 
efficiency is necessary, along with activi­
ties to encourage greater participation of 
the financial sectors. •

• updating the institutional, legislative, 
and regulatory environment to create an 
enabling environment

• Providing information through activities 
such as developing “master plans”,

• ensuring we look at renewable energy 
and energy efficiency in the non-energy 
sectors.

The study believes the principal capacity­
building requirements are in:

• technical resource assessment, technol­
ogy choice, etc.

• Integrated energy planning, and master 
plans.

We need to build up capacity in these sectors.
Good project management is key to good 

project implementation, therefore further ca­
pacity building in this area was highlighted.

Some capacity-building activities should 
be enterprise-focused as well as government 
and NGO focussed. For example, provid­
ing training to photovoltaic companies to en­
sure sustainable businesses and energy ser­
vice companies is key, as is providing training 
to financial institutions to develop confidence 
for lending on renewable energy projects.

Some examples of building capacity 
through project design are the EU regional 
solar pumping program, which did a lot for 
building capacity in water delivery services 
and equipment maintenance of renewable en­
ergy. The “Financing of Energy Services for 
small-scale Energy users”, (FINESSE) in the 
Philippines, where support is being given to 
the Development Bank of Philippines to help 
identify and fund bankable renewable energy 
projects is another example. The GEF/IFC PV 
Market Transformation Initiative is providing 
financial, managerial and technical training 
to enterprises that are receiving investment 
under the GEF-IFC PV MTI.

Again, we believe enterprise focus is im­
portant. Quality assurance strategies are vi­
tal. For example, in the Photovoltaic PVMTI, 
we re ensuring that when we make invest­
ments into companies in India, Kenya, Mo­
rocco, only where those companies have a 
clear quality assurance strategy.

Human resource management is often not 
greatly understood within some enterprises. 
Training and keeping staff is important. Man­
agement training should include accounting, 
administration, and business planning. To
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use as an example the recent EU call for pro­
posals on PV systems for use in Kiribati in 
the Pacific, one of the key personnel required 
for that project under technical assistance is 
a business management expert, providing ac­
counting and administration support to the 
PV companies.

Conclusion
So, in conclusion, the study promotes

• integrated energy planning
• master plans
• enterprise-focused activities
• support to financial institutions in ca­

pacity building

• building capacity through project design

The report is available through the EU and 
UNDP missions throughout the world.

Dr. Anthony DERRICK
Director
IT Power Ltd.
The Warren, Bramshill Road 
Eversley, Hampshire 
RG27 OPR, UK
e-mail: aderrick@itpower.co.uk
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Integrating Cleaner Solutions in Energy 
Market Development:
The Role of the Carl Duisberg Gesellschaft 
(CDG)
Klaus Knecht

General Role of CDG
The Carl Duisberg Gesellschaft is a non­

profit organization dedicated to international 
training and human resource development. 
The organization was founded in 1949. To 
date there have been more than 250,000 par­
ticipants, many of whom are influential de­
cision makers around the world. With more 
than 200 development programmes under the 
motto 'Training for Sustainable Development” 
CDG qualifies executives and junior managers 
from developing countries to contribute ac­
tively to the creation of a sustainable fu­
ture. By doing so, CDG promotes econom­
ically and ecologically sustainable develop­
ment processes in order to enhance the inter­
national competitiveness of developing coun­
tries and to improve the living conditions for 
broad sectors of society. CDG receives about 
DM 51 million of programme funds from the 
German Federal Ministry for Economic Co­
operation and Development (BMZ) and addi­
tional funds of about DM 10 million. CDG co­
operates closely with those representatives of 
the German industry who are either produc­
ers or users of environmentally sound tech­
nologies. CDG’s headquarters are located in 
Cologne. The expert group for programmes to 
protect the environment and conserve natural 
resources is located in Berlin; the author is 
part of this group.

CDG Intervention Areas
CDG is committed to the principle of sustain­

able development and thus also to sustainable 
energy supply. In the field of renewables, this 
means:

a that CDG provides energy policy decision 
makers from developing countries with a fo­
rum in which to deliberate ways to shape po­
litical and economic conditions, and to learn

from others’ experience of making provisions 
and laws and using market-based instru­
ments to steer the actors in liberalized energy 
markets in the direction of sustainable energy 
supply. CDG thus creates a forum in which 
the essential reformulation of government en­
ergy policy can be prepared, in readiness for 
implementing more sustainable energy sup­
ply structures, a that CDG gives private and 
public utilities and independent power pro­
ducers (IPPs) in developing countries an in­
sight into the radically evolving structure of 
German utilities and provides information on 
operator models. In future, localized supply 
solutions will not be restricted to small-scale 
CHP (combined heat and power) or CHCP 
(combined heating, cooling and power genera­
tion - ’trigeneration’), but will increasingly be 
based on hybrid systems, i.e. on the use of a 
range of renewable energy technologies. The 
development and deployment of fuel cells for 
electricity and heat generation is of central 
importance to decisions made-on whether to 
extend electrification primarily via large-scale 
supply networks or to take a more localized 
approach. The new strategy of one major Ger­
man electricity corporation, which plans to 
make increasing localized use of this technol­
ogy and assume a more substantial role as 
an energy service company (ESCO), may well 
signal the way forward for developing coun­
tries j Moreover, CDG is also intent on con­
tributing to sustainable organization of distri­
bution structures and to the development and 
production of renewable energy systems in de­
veloping countries, and consequently works 
actively on the necessary technology trans­
fer, focusing both on technology and on the 
marketing and PR aspects, a Putting CDG 
strategy into practice in the civil society sector 
means that the CDG training programmes use 
the knowledge of experts from political and
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scientific establishments in the industrialized 
countries to communicate the steps necessary 
to overcome political constraints, and to edu­
cate participants on specialist issues. CDG 
hopes to be able to contribute to greater coop­
eration between representatives from indus­
try, government and civil society in the target 
countries on sustainable energy supply.

CDG’s Didactic Concept
Together with its partners, CDG investi­

gates which problems most urgently need to 
be solved in relation to more sustainable en­
ergy supply or more widespread use of renew­
ables in a country or a region. Then both sides 
enquire into the most suitable target groups to 
solve these problems and the needs of these 
partners (target groups) in terms of acquir­
ing information and experience (learning ob­
jectives) before they can implement and sus­
tain solutions to the problems. Next, CDG 
seeks those experts, either in the region or 
from Germany or elsewhere in the world, who 
are best suited to communicate the requisite 
expertise.

In this role, experts must increasingly have 
the capacity to conceive and carry though a 
training programme that measures up to the 
intercultural and interdisciplinary demands 
and the personal experiences of the learn­
ing community to which participants belong. 
Specialist expertise and management exper­
tise (content) needs to be taught with equal 
standing. The integration of institutional 
partners has a structure-building effect, while 
working together with other partners in de­
velopment cooperation and with international 
organizations and regional networks exploits 
synergy effects.

Probably the most important component of 
the didactic concept is precise definition of 
target groups and selection of the right par­
ticipants from these target groups.

The main target group for CDG training 
projects in the field of renewables are man­
agers who can play an executive role in carry­
ing through more sustainable energy supply 
in their own countries. They may come from 
the public sector or from industry, but could 
equally be key representatives of civil society. 
They must be open to different alternative so­
lutions, have the capacity to learn, and be 
willing to gain personal experience of coop­

eration in interdisciplinary working groups of 
international composition. They must be ca­
pable of making decisions based on specialist 
and management expertise, having assessed 
objectives and impacts comprehensively. With 
this in mind, they must be prepared to ac­
quire advanced skills for action and decision­
making. They must be prepared to take lead­
ership in processes of change; they must also 
be competent and motivated to shape such 
processes of change.

CDG organizes such international learn­
ing communities and carries out training pro­
grammes in a range of learning contexts, both 
in project regions and in Germany. The value 
of this type of training results largely from co­
operating in working groups during the train­
ing course and learning by sharing experience 
with people from different regions and diverse 
disciplines. In other words, CDG does not 
provide (initial) training but advanced train­
ing focused on practice and problem-solving, 
addressed to executives and multipliers who 
are in a position to make strides towards more 
sustainable energy supply and to expand the 
use of renewable sources of energy. Individ­
uals and groups within society who exert a 
significant influence in reforming their soci­
ety in line with principles of sustainability are 
both partners and target groups for our train­
ing programmes.

CDG uses the following methods: semi­
nars, workshops, including group work and 
solving practice tasks or developing projects 
in working groups which may be intercultural 
and interdisciplinary in composition; study 
trips, including visits to see practical applica­
tions, on the one hand, and production facili­
ties for renewable energy components or sys­
tems, on the other. CDG facilitates participa­
tion in international symposiums and confer­
ences, delivers specialist theoretical training 
courses of several months’ duration, as well 
as practical placements with manufacturers 
of renewable energy systems, in development 
and planning offices, in utilities, institutions 
of applied research and in insurance and op­
erator companies.

Programmes of up to 12 month’s dura­
tion are intended to train junior managers 
as project managers for renewable energy 
projects. The managers will then be compe­
tent to initiate and prepare projects, moni­
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tor project planning and ensure full imple­
mentation. In the wind power sector, for in­
stance, this includes initiating reliable wind 
measurement procedures and evaluation, se­
lecting prime locations, compiling wind po­
tential studies, making viability projections, 
producing financial plans, supervising con­
struction design and execution, etc. These 
programmes combine a specialist theoreti­
cal element with practical advanced training, 
and conclude with a one-month management­
training course.

Projects lasting several years take various 
guises and include diverse training content. 
They are addressed to all the key stakehold­
ers, e.g. energy planners, utilities, ESCOS, 
producers and importers of components and 
systems, potential financiers, energy policy 
makers, but also the media and the insur­
ance industry. In these projects, CDG de­
livers training in presentation skills, moder­
ation skills, and management and leadership 
skills. Above and beyond this, CDG intro­
duces the participants to role-play methodol­
ogy, uses application software and practices 
working with intercultural groups. Increasing 
use of teletraining is scheduled, particularly 
for follow-up work.

With this type of project which relates 
closely to practice in industry, CDG is work­
ing towards the long-term objective that, given 
skilled training from CDG, from other insti­
tutions of international cooperation and from 
industry, local experts will be enabled to take 
over the maintenance and service of renew­
able energy systems and develop and imple­
ment marketing and PR strategies to achieve 
swift market introduction and enduring mar­
ket penetration. CDG would also like to con­
tribute to linking companies from developed 
economies with cooperation partners in the 
South who will produce high-grade compo­
nents and eventually also systems under li­
cence. If the political and economic conditions 
in a region are advantageous for renewable 
energy systems and there are skilled (technol­
ogy and management) experts on the ground, 
the chances of success in establishing joint 
ventures or subsidiary companies in coun­
tries of the South will much improved. De­
velopment partnership between private indus­
try and energy policy is supported by CDG 
wherever both parties feel committed to the

principle of sustainable management and are 
pursuing a joint route towards the implemen­
tation of more environmentally sound energy 
supply. The same applies to cooperation be­
tween industry and governments in industri­
alized countries and developing countries.

Public-private partnerships in Germany 
may present a good model for equivalent part­
nership arrangements in developing coun­
tries. This could increase the likelihood of 
political measures to create conditions that 
will encourage greater use of renewables. By 
cooperating with industry, industrial experi­
ence of applications can be used to benefit 
partner countries in the South. These coun­
tries may share directly in technical progress 
through their involvement in joint training 
projects. Furthermore, cooperation with ad­
vanced companies from the North which are 
committed to sustainable development may 
be perceived by companies from the South as 
an incentive to imitate them (assuming a role 
model function).

Critics of this attitude are urged to con­
sider that unless industry starts thinking and 
acting sustainably, there can be no sustain­
able development. This is why international 
learning communities, as described above, 
specifically and deliberately include decision 
makers from German industry.

Addressing Burning Issues Holistically: 
Integrating Cleaner Solutions in Energy 
Market Development

I would like to focus on three major develop­
ments in the energy market to demonstrate 
how CDG’s advanced training programmes 
and didactic concept address the changes in 
this area.

State

Liberalisation and Deregulation
The liberalisation and deregulation of the en­

ergy market leads firstly to the dissolution of 
the state monopoly on generating, transmit­
ting and distributing power.

The second step involves introducing new 
state regulations to control the energy market 
indirectly.

Consequences
Cities, regions and the country as a whole
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lose their direct decision-making power with 
regard to investments. They are no longer re­
sponsible for operating utilities.

There is a way out of the state-supported, 
sometimes inefficient electrification system, 
which often helped to throw these countries 
into even worse domestic and international 
debt. Resources mobilised as a result can be 
used for promotion policies in keeping with 
the market and adapted to the needs of mar­
ket players and international funding agen­
cies (e.g. for a decentralised renewable energy 
supply for regional areas).

CDG's involvement
CDG provides a platform for those respon­

sible for energy policy from countries of the 
South to discuss how to restructure the en­
ergy market and weigh up the possibilities 
for creating the political and economic frame­
work conditions which this necessarily en­
tails. CDG passes on experience gained in de­
veloping and implementing laws, regulations 
(network access, supply fees, transit charges) 
and market-compatible instruments (charge 
per ton of C02 or the authorisation of emis­
sion trading) aimed at controlling liberalised 
energy markets with the goal of creating a 
sustained energy supply.

Private enterprises

Liberalisation and Deregulation
Private enterprises are mainly active in the 

energy generation sector, but are also in­
volved in transmission and distribution in 
some countries.

Consequences
Profit considerations are a top priority in all 

privatised companies. Any enterprise compet­
ing with others on the open market is forced 
by cost considerations to take steps to in­
crease efficiency in power stations and trans­
mission networks.

CDG's involvement
Increased efficiency results in reductions 

in the consumption of resources and conse­
quently in C02 emissions (also in the con­
ventional energy sector). CDG conducts ad­
vanced training projects to increase efficiency

in power stations and also among energy con­
sumers in industry and the service sector 
(Peru, Costa Rica, Brazil).

Liberalisation and Deregulation 
In more and more countries independent 

companies are producing energy and obtain­
ing authorisation as energy providers.

Consequences
Small enterprises in particular can pro­

duce energy in locations with high renew­
able energy potential and either feed this into 
the general network or operate small sepa­
rate island networks. RE systems can also be 
employed economically to alleviate expensive 
peak load periods.

CDG's involvement
In Africa, Asia and Latin America CDG 

conducts management seminars covering top­
ics such as bankable business plans, financ­
ing, insurance issues, PR and marketing, and 
workshops on technical problems. These pro­
grammes are aimed at small and medium­
sized enterprises producing and marketing re­
newable energy systems and components or 
providing energy services.

Liberalisation and Deregulation
The liberalisation of energy markets also 

opens new doors to direct investment from 
abroad.

Consequences
This makes the latest and most efficient 

conversion technology for energy production 
widely available.

CDG's involvement
CDG supports the flow of information on 

the latest technology and new management 
strategies between developing countries and 
the developed world by organising study trips 
or business meetings.

Liberalisation and Deregulation 
Liberalisation has resulted, at least some­

times, in a significant reduction in energy 
prices.
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Consequences
This is due to the abolition of state price 

monopolies and increasing competition pres­
sure, along with efficiency-boosting measures 
in the areas of production and transmission. 
This goes hand in hand with workforce cuts. 
Prices are now often set solely according to the 
marginal cost principle, i.e. according to the 
cost of generating an additional kW h. Invest­
ment costs and external costs (e.g. for the en­
vironment) are not included in these market 
prices.

CDG's involvement
During its seminars and workshops CDG de­

bates with political decision-makers and busi­
ness leaders about the consequences of ig­
noring external costs. In addition, we pro­
vide information on financing possibilities for 
more environmentally friendly energy solu­
tions. We convey practical information on the 
efficiency-boosting potential of improved tech­
nology and offer advanced training courses on 
quality management.

Liberalisation and Deregulation
Opening the energy markets accelerates 

technical progress in the areas of renewable 
energy and highly efficient technologies, en­
couraging the production of such systems.

Consequences
This includes massive increases in generator 

efficiency (in wind power generators from 100 
kW to 1,500 kW with state-of-the-art technol­
ogy) within a few years; production expan­
sion in the photovoltaic area; development of

new production lines (CIS thin-layer cells, a 
planned annual production of 1.2 MW), to list 
just a few examples.

Technical advancement is particularly no­
ticeable among “conventional”, decentralised 
energy technology (combined heat and cool­
ing power plants). Marked improvements in 
efficiency and environmental protection also 
accompany the implementation of innovative 
gas technologies.

CDG's involvement
CDG informs participants in its advanced 

training programmes about these new devel­
opments. CDG cooperates closely with the 
Central Employment Agency to organise sev­
eral months of advanced training in Germany 
and work experience in key companies in this 
sector for programme participants.

CDG also gives its advanced training 
guests intensive exposure to new technologies 
(e.g. fuel cell technology) and encourages ex­
perts from the developing countries to become 
actively involved in the further development of 
future-oriented technology.

Klaus Knecht 
Economist
Project Manager Renewable Energy 
Carl Duisberg Gesellschaft e.V. 
Lutzowufer 6-9 
D-10785 Berlin, Germany 
Tel.: +49 - 30 / 254 82 110 
Fax: +49 - 30 / 254 82 103 
e-mail: KnechtK@cdg.de
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Environmental Impact of SH-Systems
"The deployment of small home supply sys­
tems (Solar Home Systems), which in particu­
lar serve to provide the basic supply of energy 
for lighting, is an excellent example which 
shows the energetic superiority of a photo­
voltaic system with regard to climate protec­
tion. A SH-system should be defined here as 
a photovoltaic system which consists of a PV- 
generator with only a few PV-modules, which 
in total have a output of 25 up to a maximum 
of 150 Watts. This output should be sufficient 
in order to ensure the basic requirements of 
a family regarding the supply of energy. Es­
sentially these requirements comprise lighting 
and communication, but maybe also in the fu­
ture such systems could secure a better and 
more hygienic supply of foodstuffs.

Figure 1 shows the principal set-up and 
construction of a SH-system and figure 2 its 
deployment in Indonesia.

If new energy systems are considered un­
der power economy aspects, then the exam­
ination of the energy balance should always 
result via the examination of the service life. 
Particularly with photovoltaics particular im­
portance is placed on this so-called cumu­
lated energy expenditure. Whereas with re­
gard to the electricity generated as the final 
energy a photovoltaic module today still re­
quires approx. 5 years in order to be su­
perior to a coal power station with regard 
to its CO2-emissions, the same module re­
quires only approximately 7 months in order 
to generate the same service “light” with a SH- 
system with less C02-emissions than with a 
kerosene lamp.as figure 3 shows.

"* Forthe~potential user in the rural regions 
of the third world these advantages are not 
an argument for deciding in favour of a SH- 
system. We must be realistic and recognise 
that these people who often have great diffi­
culty ensuring that their families are provided 
with their daily food supply, do not know this 
impact to global climate and for them climate

It would also make no sense to try to 
teach them to appreciate this problem, as they 
would immediately and justifiably confront us 
with the argument that the climatic problems 
have been caused through the emissions of 
the industrial countries. Consequently if SH- 
systems are to be bought by these people then 
these systems must be an economic alterna­
tive and also mean an increase in comfort. 
The increase in comfort with regard to the 
quality of the light is obvious and must not 
be substantiated point for point. Also the fact 
that the generation of light results without 
any emissions that create any olfactory nui­
sance whatsoever is immediately clear.

Economical impact
Nevertheless the market introduction of SH- 

systems proves to be difficult as the eco­
nomic prerequisites are evidently not subjec­
tively fulfilled.

If a calculation of the economic efficiency 
is made with the methods which are custom­
ary for us, table 1 shows that SHS are close to 
the break even point. The prices for kerosene 
which are thereby presumed are the world 
market prices. In many countries, however, 
this fuel is subsidised for social-political rea­
sons, and therefore a microeconomic exam­
ination for the individual household in the 
third world often leads to contrary results. 
From a political economic point of view the 
question then arises as why a Solar Home- 
System is not subsidised by the government 
to the same extent as kerosene. The answer 
lies in most cases in the lack of solvency of 
the countries and this applies naturally all the 
more to the private households.

World-wide programs for rural electrification
For these reasons in many countries in the 

third world programmes have been launched, 
some of which are highly extensive and as 
a rule are supported by industrial countries 
or by international organisations financed by
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Figure 1: Principle description of a SH-System

Figure 2: SH-system on home of a PV-dealer

the industrial countries, which are intended 
to lead to the introduction of SH-systems. An 
example of this is the 1.000.000 Roofs Pro­
gramme in Indonesia, which is financed by 
the World Bank for 200.000. The development 
of suitable finance instruments in the microe­
conomic sector is reported elsewhere. The ex­
aminations and considerations are however

insofar of importance at this point, because 
the service life of the systems directly influ­
ences the economic efficiency through the de­
preciation derived accordingly.

The main task is therefore to design and to 
construct SH-systems in such a manner that 
they comply with the prerequisites of long ser-

Kerosinlampe SHS-System
Monthly costs
on basis of local 
prices

2,57 DM/m

Monthly costs
on world market 
prices

9,00 DM/m 9,47 DM/m

Table 1: Comparison of prices
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Figure 3: Cumulated energy consumption protection is a question of no importance

vice life and naturally also of efficiency, with­
out any considerable increase in their price as 
a consequence.

Requirements concerning quality for Solar- 
Home-Systems

As SH-systems are principally of simple de­
sign and construction, many components can 
easily be manufactured by small companies 
in local manufacturing companies. Only the 
PV-modules must be bought in. In individ­
ual cases the trial manufacture of these mod­
ules has already commenced. This is nat­
urally a highly desirable development. The 
main problem thereby is that the SH-systems, 
which fundamentally are technically very sim­
ple are subjected to a number of forms of en­
vironmental stress as is shown by figure 4, 
which is to be taken into account through cor­
responding constructive measures as a rule in 
the qualitative sector. In no way should the 
creativity and good will of the small compa­
nies mentioned be disputed. However, long­
term experience and discipline are necessary 
in order to implement the necessary quality 
procedures during construction and produc­
tion. As this experience is often lacking qual­
itatively inferior products of short service life 
were often placed on the market in the past. 
An under-dimensioned diode then leads to the 
total failure of the system. In this case the 
principle is particularly true that the weak­

est link in the chain determines the overall 
load capacity. The whole SH-system and con­
sequently also the photovoltaics are disqual­
ified through imperfect technology. Conse­
quently this plays into the hands of the critics 
who do not think that it is correct that photo­
voltaics should particularly be introduced into 
the markets of the poorest people in the poor­
est countries.

The question therefore arises as to how 
this problem can be solved. How and which 
experience can be passed on from the indus­
trial nations in order to solve this obvious 
quality problem without destroying the exist­
ing commercial structures and without estab­
lishing an excessive structure of controls.

Worldwide operating systems for Quality as­
sessment

The classical instruments deployed by in­
dustrial societies to solve these problems are 
standards and quality certificates which af­
firm the conformity of the products to these 
standards. Corresponding acceptance of 
these quality symbols is now to be created 
by the state or by corresponding educational 
campaigns. The CE-symbol, for example, is a 
state prescribed prerequisite for placing prod­
ucts on the market whereas other symbols 
have gained market importance as a result 
of competence or through the aims set by 
the certifying organisations and consequently
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Figure 4: Environmental Impact on SH-Systems

have a regulative influence. Examples here 
are the so-called “blaue Engel (blue angel)” or 
, for example, the symbols of TUV, UL or DIN.

Quality regulation and guidance through 
state prescribed certification systems incor­
porates the fundamental risk that it will be 
misused as market segregation. Consequently 
then national standards are developed which 
may then possibly only be used by nationally 
recognised or state-like certification organisa­
tions. The corresponding state directives then 
make placing the products on the market de­
pendant on these certificates. This risk can 
only be countermanded through the interna­
tionalisation of standards and through a re­
ciprocal recognition of certification systems. 
The World Trade Organisation (WTO) is mak­
ing efforts to establish such generally recog­
nised structures.

At an international level the standards of 
the International Electrotechnical Commis­
sion (IEC) and the International Standard Or­
ganisation (ISO) are a suitable basis for this 
system. Product requirements and prereq­
uisites are now as a rule stipulated in the 
classical standards. In the past 10 years 
also system standards have become available

which describe the organisational framework 
conditions for producers and service compa­
nies, not only in order to secure quality dur­
ing production, but also to create complete 
quality assurance systems including certifica­
tion systems. The most well-known directives 
are summarised in the ISO 9000 series. So- 
called ISO/IEC guides attempt to standardise 
the set-up and construction and the mode of 
operation of certification systems and test lab­
oratories. The standards described here are 
already widely accepted. As a result of cor­
responding contracts between the European 
standards organisations CEN and CENELEC 
and ISO respectively IEC the standards of 
these organisations will also continue to adapt 
further. This process is not as advanced in 
other regions such as in the USA and Japan. 
Continuous efforts are required with order to 
also incorporate new actors on the world mar­
ket, such as for example China.

The range of influence of certification sys­
tems is naturally much smaller. The CE- 
symbol is on the whole only of importance 
within Europe. In addition there are pri­
vate certificates which by all means are of 
supraregional importance, for example the
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Figure 5: Outdoor Test Facility

TUV-symbol and the UL-symbol. But even 
with these examples one cannot speak of in­
ternational recognition. The so-called GAP- 
system was brought into being in order to 
overcome these drawbacks particularly for the 
small photovoltaic system sector. IEC has es­
tablished an own system based on the existing 
structure of the test organisations for electro­
technology in the individual member coun­
tries. This certification system called IECQ 
is to date only of importance on the mar­
ket for electronic components. Its certifica­
tion procedures are consequently also orien­
tated towards the structure of this market.

It is obvious that considerable efforts are re­
quired in order to establish such an interna­
tionally recognised system like the GAP sys­
tem quasi “out of the blue”. The initiators 
of the GAP-system have recognised this fact 
and have made use of the operative support of 
IECQ. One problem of this construction lies at 
present in the fact that this system does not 
submit to the contracts of reciprocal recog­
nition as is stipulated by the WTO in GATT. 
This system has also at present not been ac­
credited by a national accreditation organisa­
tion which reciprocally recognises standards 
within so-called multilateral agreements. The

Figure 6: Structure of international certification systems
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following picture shows the rough structures 
of this situation.

Let us now return to the question posed 
at the beginning as to how these interna­
tional systems which serve as quality assur­
ance, can be deployed in order to improve the 
situation on the SH-system market. The de­
piction so far does not exactly give any en­
couragement to carry on in this manner. But 
this is the correct path. The path of new and 
accordingly certainly national systems is defi­
nitely the more unfavourable solution.

Accordingly the support of the previous ac­
tors is required in order to deploy this sys­
tem also for the third world and for the PV- 
systems market. Hereby a dual strategy must

be developed which on the one hand estab­
lishes suitable structures in the target coun­
tries through training measures and through 
material support. On the other hand the in­
ternational standards and certification sys­
tems must be adapted to this development. 
Corresponding projects have already been set 
up.

Introduction for Quality assessment systems 
for Solar-Home-Systems in Indonesia

One example of this is the support given 
by TUV-Rheinland/Berlin Brandenburg for 
the establishment of a test laboratory for 
photovoltaic components in Indonesia, which 
should be qualified to such an extent that
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Figure 9: Test facility for SH-Systems

Figure 10: Test stand for batteries

it can be accredited as a test laboratory for 
the relevant standards by the national accred­
itation organisation. This project has been 
supported by the World Bank and the Fed­
eral Government of Germany. Furthermore 
the Australian government has provided con­
siderable funding for the material infrastruc­
ture. The accreditation system GAP has de­
veloped various internal standards which fill 
the gaps in international standards. Now it is 
the task, particularly of the national test labo­
ratories, within the framework of product cer­
tification, to carry out guidance towards reli­
able products with a long service life through 
a co-operative supervision of the development. 
Furthermore it will be necessary to carry out

basic work through training measures, partic­
ularly in the technical colleges and universi­
ties whether within the third world countries 
or through exchange programmes in the in­
dustrial countries.

The plan in figure 7 shows the struc­
ture of the project in Indonesia. We 
work together with well-trained, qualified col­
leagues. The technical prerequisites are ful­
filled through corresponding laboratory set­
ups as are shown in the following picture. The 
quality assurance handbook is based on the 
long-term experience of the Test Centre for 
Energy Technology at TUV Rheinland, which 
has been accredited by the DAR (German ac­
creditation council) as a test laboratory for PV
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Table 2: Abrevlations used in this document

A2LA American Association for Laboratory Accreditation
ASU Arizona States University
CIEMAT Centro de Investigaciones Energeticas Madioambientales y Tecnoligicas
COFRAC French Committee for Accreditation
DAR Deutscher Akkreditierungsrat
EA European co- operation of Accreditation
ESTI European Solar Test Institute
GAP Global Approval Program
IECQ Qualitatsprogramm der Internationalen Elektrotechnischen Kommission
JAB The Japan Accreditation Board of Conformity Assessment
KAN Indonesian National Accreditation Body
TIE TV Rheinland Immissionsschutz und Energiesysteme GmbH
TVCERT TV Zertifizierungsgesellschaft
TVRBB TV Rheinland/Berlin-Brandenburg
UL Underwriters Laboratories
VDE Verein deutscher Elektrotechniker

systems. We presume that the LSDE in In­
donesia will achieve accreditation in the sum­
mer through the national Indonesian accredi­
tation organisation. Then the market condi­
tions will have to decide whether this labo­
ratory can be accredited as a test laboratory 
for the GAP-system, or whether it will work 
together with a local certification system and 
establish a certification system made to mea­
sure for SH-systems as is described in the 
current draft of the IEC-Standard 62078. This 
system would then however presumably not 
rise above national importance.

Obviously training and qualification mea­
sures for development and production engi­
neers and also for fitters, electricians and

maintenance personnel must be carried out 
parallel to the establishment of these quality 
assurance systems.

Dr.- Ing. Wolfgang Wiesner 
TUV Rheinland / Berlin-Brandenburg 
Testzentrum Energietechnik 
Since autumn 2000:
Professor at the University of Applied Sciences
Cologne
Betzdorfer Str. 1
D-50679 Koln/Germany
Tel +49-221 8275 2611
w.wiesner@netcologne.de
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Cross-Disciplinary Programmes: Wind 
Energy in the State of Ceara
Alexandre Rocha Filgueiras

CDG and the Wind Energy in Ceara
Carl Duisberg Gesellschaft (CDG) is a 

non-profit organization whose objective is the 
training and development of human resources 
in developing countries. CDG has been pro­
moting technical courses and the administra­
tion of projects in wind energy that facilitate 
technology transfer and the initiation of in­
dustries which produce components or com­
plete units to capture wind energy.

The modem history of the wind energy in 
Ceara began with a partnership between Ger­
many and Ceara, with the support of vari­
ous German institutions. This partnership 
began in 1992, when an agreement between 
COELCE and GTZ was established to measure 
winds in Ceara. In the same year, the Federal 
University of Ceara, COELCE and the group 
J. Macedo from Ceara, signed an agreement 
to purchase materials for wind measurement 
and CDG, through the German Institute of 
Energy Eilica (DEWI), promoted a lecture on 
wind energy which was presented by DEWI.

The lecture introduced a specialized course 
on wind turbines connected to the grid. This 
was the beginning of the participation of the 
Federal University of Ceara (UFC) in the area 
of the wind energy, which designated a techni­
cian to take this course. Subsequently the De­
partment of the Electric Engineering of UFC 
began to participate in forums of national and 
international scope on wind energy.

In the First National Encounter about 
Wind Energy in 1995 in Minas Gerais, a rep­
resentative of this department participated in 
the work group on teaching wind energy. One 
of the measures adopted by this group was 
that they should impliment courses on re­
newable energy in universities, particularly on 
wind energy.

As a result of this introduction and the 
subsequent interest in wind energy at this 
university, other exchange activities began to 
appear. The first was a successful application 
to the Technical University of Berlin, which

requested they provide an apprenticeship of 
three months to facilitate, as part of a cul­
tural exchange, the research for a student’s 
final course. His work involved the develop­
ment of profiles of blades for small wind tur­
bines.

Two other apprenticeships were obtained 
for students at the University of Kassel in 
Kalsmhe. These students were also develop­
ing their final projects, this time in the area of 
solar energy which was being used for purify­
ing chlorine for treatment of water for human 
consumption. These apprenticeships initiated 
a new research program and a partnership be­
tween UFC and the University of Kassel.

Today an experimental station for purifi­
cation of water exists in a municipal district 
close to Fortaleza. This station, besides pro­
viding a benefit to the local population, also 
facilitates technology change in the treatment 
of water for the human consumption. As well, 
it helps in the training of students from UFC.

Training Programme on Wind Energy
As part of a training program of the wind en­

ergy in Brazil and Argentina, promoted and 
coordinated by CDG, UFC participated in a 
project in Argentina. Here, global planning 
was initiated for the development of wind en­
ergy in Brazil ang in Argentina.

Course of Wind Energy in Fortaleza 
Planning for the development of wind en­

ergy in Fortaleza was accomplished by March 
27 and on April 14 a course for technicians 
was held on wind energy. The course was of­
fered to technicians from a variety of compa­
nies, both private and state-owned and from 
several Brazilian states. The objective of the 
course was to provide training in the areas 
of techniques of wind measurement and the 
function and use of the computational pro­
gram WAsP. The course was therefore divided 
in two modules: the first involving techniques 
of wind measurement, where had a theoreti­
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cal and a practical component, and the sec­
ond module involving the use of the program 
WAsP.

The theoretical component of the first mod­
ule emphasised the requirement for care nec­
essary in taking wind measurements, since 
they are decisive factors in the calculation of 
the return of the investment in a wind en­
ergy project. The second component consisted 
of the assembly of a 10m tower for measure­
ment, which put the theoretical concepts into 
practice. This was useful for the the sec­
ond module where the functions ofWAsP were 
first presented, then followed by comparisons 
of the predictions of wind energy production 
from WAsP with data collected using the mea­
surement tower set up in the first module. A 
visit to a meteorological station also provided 
an opportunity to assess the measurement of 
the measurement tower.

Course of wind energy at the Federal Univer­
sity of Ceara

At the Federal University of Ceara, soon af­
ter the Seminar of Belo Horizonte - MG, a 
graduate course on wind energy was intro­
duced as recommended by the seminar. The 
basic content followed the orientation of the 
material of the course promoted by CDG in

DEWI. This “ new ” subject proved extremely 
popular among students, some of whom were 
later contracted by Wobben Wind Power and 
completed their studies with specific courses 
in Germany. The graduate course includes 
the following subjects: Historical Evolution of 
Wind Energy; Wind Potential; Use of Wind Po­
tential; System of Conversion; Electric Ma­
chines; Economic Aspects and Modeling of 
Systems.

Nowadays we have a group that works 
with wind energy, including three lecturers 
who research wind energy at UFC. This group 
is studying the rural electrification of small 
farms using wind energy and, together with 
the University of Kassel, they are also reserch- 
ing the use of solar energy in the purification 
of water.

Alexandre Rocha Filgueiras 
Federal University of Ceara -Brazil 
Department of Electrical Engineering 
Campus Universitario S/N 
60.445-760 - Fortaleza - Ceara - Brasil 
Tel: 288.95.81 
Fax: 288.95.74 
filgueiras@secrel.com.br
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Cross-Disciplinaiy Training Programmes: A 
Basic Course on Wind Energy
Maria R. Pereira De Araujo and Miguel Hiroo Hirata

Introduction

The objective of this consists in a preparation of a basic course on the 
use of the wind energy. The purpose of the basic course is to introduce 
the basic concepts on the use of the wind energy. It is assumed that this 
course will give the basic knowledge on wind energy for the professionals 
that will permit then to attend the advanced courses on this subject. 
This course is one of the topics in a co-operation between CDG - Carl 
Duisberg Gesellschaft and institutions in Brazil and Argentina.

Basic course on the use of wind energy

Activities to develop the basic course on the use 
of wind energy

The preparation of the basic course on the 
use of the wind energy, was based on the fol­
lowing premises:

1. The purpose of the basic course is to in­
troduce the basic concepts on the use of 
the wind energy for professionals, as de­
tailed in the item 3: Topics to be taught 
in the Basic Course, of part 2 of this doc­
ument.

2. This course is applied to the techni­
cal professionals that works or intend 
to work in applications of wind energy. 
These professionals must be graduated, 
preferably in Mechanical or Electrical 
Engineering, and to have basic skills on 
computation.

3. Portuguese will be the language of the 
course.

4. The support material, in Portuguese, will 
be supplied to the students.

5. The basic material, in Portuguese, will be 
supplied to the instructor.

It is assumed that this course will give the 
basic knowledge on wind energy for the pro­
fessionals that will permit them to attend ad­
vanced courses on this subject. The following 
activities are proposed to elaborate the neces­
sary material for the “Basic Course on Use of 
the Wind Energy":

Activity 1: To conduct a survey to find out 
available courses in the area of wind energy. 
The main items of this research are:

• Institutions where the courses are of­
fered;

• Level of the courses (graduation, mas­
ter’s degree, extension);

• Content of the courses (when this infor­
mation is available);

• Frequency in which the courses are of­
fered;

• Persons in charge of the courses.

Activity 2: To search for Institutions where the 
basic course, and other courses, about wind 
energy could be offered.

Activity 3:The identification of the topics 
that should be taught in the basic course:

• The identification of major topics;

• The identification of sub-topics.
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n.b. The topics and sub-topics found dur­
ing this activity should be considered as ref­
erences for the preparation of the course, but 
eventual changes, for example the inclusion of 
new topics, may occur during this process.

Activity 4: The choice of the methodology 
to be used in the preparation and presenta­
tion of the “Basic Course on Use of the Wind 
Energy”. This activity should provide informa­
tion about the following items:

• Type and characteristics of the support 
material for the students.

• Type and characteristics of the support 
material for the instructor.

• Specification of the facilities to be used 
by the instructor.

• Specification of the facilities necessary to 
the students.

Activity 5: The presentation and the de­
scription of different alternatives to offer the 
courses. Few examples of these alternatives 
are:

• The instructor travel to the place of the 
course or the students travel to the place 
of the course;

• The course will be only given in one pre­
sentation for a long period of time or it 
will be given in several presentations for 
short period of time each.

Activity 6: The preparation of the schedule of 
the activities.

Activity 7: The preparation of the material 
for the course.

Topics to be taught in the basic course
The proposal of topics to be approached in 

the basic course is shown bellow. This is an 
initial proposal and small modifications may 
be introduced during the preparation. These 
modifications, however, should not introduce 
radical changes in the initial planning; they 
should be seen as adjustments.

1. Use of Wind Energy

(a) The wind as one of the manifesta­
tions of solar energy

(b) Use of wind energy through the 
times

(c) The potential of the use of wind en­
ergy

(d) Winds and other sources of energy

2. Wind Systems and Hybrid Systems

(a) General description of a wind sys­
tem

(b) General description of a hybrid sys­
tem

(c) Components of a wind system
(d) Flow of energy in a wind system

3. The Winds

(a) Origins and mechanisms: global 
and local circulation.

(b) The development of the earth 
boundary layer

(c) Geographical accidents that alter 
the distribution of the winds

(d) Measures of wind speed

4. The Description of Wind Potential

(a) Analysis of the measured data
(b) measures of central tendency
(c) dispersion measures
(d) distribution of speeds: histogram
(e) other types of distribution
(f) Wind speed as a random variable

(g) Statistical inference
(h) An introduction to Wasp and the 

correlation analysis

5. Operation of Wind Systems

(a) Types of control of wind systems
(b) pitch control
(c) stall control
(d) Ways of operation of wind systems
(e) constant speed 
(1) variable speed

(g) Assembling rotor-generator
(h) Calculation of the energy
(i) flow of energy in function of the ma­

chine and of the wind potential
(j) use of available software (Alwin, Hy­

brid II, or other)
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6. Wind Rotors

(a) Types of wind rotors
(b) Analysis of the operation principles
(c) slow rotors: drag force
(d) fast rotors: lift force
(e) Global analysis of wind rotors (The­

ory of external field)
(f) Betz limit

(g) operation mode.

7. Horizontal Axis Wind Rotor

(a) Geometry of horizontal axis rotors
(b) Theory of blade element (Theory of 

the internal field)
(c) Merging theory of the external field 

with the one of the internal field
(d) The graphics of performance

8. Vertical Axis Wind Rotor

(a) Savonius Rotor
(b) principles of operation
(c) graphics of performance
(d) use
(e) Darrieus Rotor
(f) operation principles

(g) graphics of performance
(h) use

Methodology used in the preparation of 
the material

Preparation of Material for the Course (Basic 
Text).

This text should contain the whole material 
described in the topics of the previous item. 
The text should, in the future, develop into a 
basic book on the use of the wind energy. It is 
important to observe, however, that the mate­
rial of this basic text will be collected and de­
veloped for use during the course as described 
below.

Preparation of the Materialfor the Instructor.
The material to be used by the instructor 

should consist of “slides” containing illustra­
tions, short texts, equations and tables. These

“slides” will be prepared with “power point” 
software in a way that can be used with an­
imation. Besides the “slides” some software 
can be supplied for the calculation of some pa­
rameters and they can be used in classroom. 
If available, films and photos will be placed at 
the instructor disposal.

Preparation of the Materialfor the Students 
The material to be used by the students will 

consist of copies of the “slides” accompanied 
of short texts explaining the main points. This 
material will be printed. The computer pro­
grams mentioned in the material for the in­
structor will also be supplied to the students.

Basic Facilities for the Instructor 
As was described above, the Instructor will 

need a basic computational infrastructure:

• Personal computer equipped with CD- 
ROM or with Zip Driver;

• Overhead projector or slide projector:

• Projector screen.

Basic Facility for the Students

• personal computer for each group of 
three students.

Schedule
Next it is presented the schedule for the ac­

tivities that should be undertaken, during the 
year 2000, for the preparation and presenta­
tion of the Basic Course on Use of the Wind 
Energy, detailed in table 1:

1. The survey of the courses that are offered 
in the area of wind energy.

2. The identification of Institutions where 
the basic course and other courses of 
wind energy could be offered.

3. Identification of topics that should be ap­
proached in the basic course.

4. The choice of the methodology to be used 
in the preparation and presentation of 
the basic course.

5. The presentation and description of dif­
ferent alternatives to offer the course.
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Activity Trimester 1 Trimester 2 Trimester 3 Trimester 4
1 X X
2 X X
3 X X
4 X X X
5 X X
6.1 X X
6.2 X X
6.3 X X
7 X

Table 1: Planned activites for preparation and presentation of the course

6. The preparation of the material for the 
basic course.

(a) The collection of material to write a 
basic course.

(b) The preparation of the material for 
the instructor.

(c) The preparation of the material for 
the students.

7. The preparation of an outline of the pre­
sentation about the Basic Course on Use 
of the Wind Energy.

Maria Regina Pereira de Arajo 
(regina@serv.com.ufij.br)
Miguel Hiroo Hirata (hirata@iem.efei.br) 
Programa de Engenharia Mecanica - 
COPPE/UFRJ
Caixa Postal 68503 - Rio de Janeiro - RJ 
CEP: 21945-970
Departamento de Engenharia Mecanica - 
IEM/EFEI
Caixa Postal 50 - Itajuba - MG 
CEP: 37500-000
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Annex I: Institutions that offer courses 
about wind energy found during the research
1. Universidade Federal do Rio de Janeiro - 
UFRJ (Federal University of Rio de Janeiro) 
Mechanical Engineering Department - Wind 
Energy and Aerodynamics Laboratory

• Level: graduation, masters degree exten­
sion

• Content of the course (when possible)

The wind and its characteristics; Wind sys­
tems; Hybrid systems; Wind potential; Opera­
tion of systems of conversion of wind energy; 
Control of wind energy conversion systems; 
Costs of wind energy conversion systems. 

Frequency in with the course is offered

• regularly offered 1 time a year

• offered when there is demand

- Person responsible for the course.

• (Gustavo Bodstein); Ph.D.

(Professor responsible for the Laboratory) tele­
phone; e.mail; gustavo@serv.com.ufij.br

(Maria Regina Arajo); D. Sc. (Professor of 
this course) telephone: (21) 541-7831 e.mail; 
regina@serv.com.ufij.br
2. Universidade Federal da Paraiba - UFPB 
(Federal University of Paraiba) Mechanical 
Engineering Department - Group of Energy - 
Level: graduation, masters degree and exten­
sion - Content of the course: The wind and its 
characteristics; access to wind energy - wind 
turbines; systems of conversion of wind en­
ergy; wind energy conversion systems control; 
matching wind turbine with the wind; econ­
omy of wind energy conversion systems. - Fre­
quency of the course:

• regularly offered once a year

• offered when there is demand

- Person responsible for the course.

• (Francisco Jose Simes); PhD

(Responsible professor for NERG - Group 
of Energy) telephone: (83) 333-1000 exten­
sion 358 fax: (83) 333-1650 e.mail: fjsi- 
moes@nutecnet.com.br
3. Universidade Federal de Minas Gerais - 
UFMG (Federal University of Minas Gerais)

Department of Electrical Engineering - DEE
- Level: graduation , masters degree exten­
sion - Content of the course (when possible) 
Course: “ Conversion of Renewable Energy ” 
The course has two units, being Unit I: Sys­
tems of Conversion of Energy and Unit II: Sys­
tems of Conversion of Wind Energy, whose 
content is presented below. Unit II: charac­
terisation of wind energy; wind turbines; engi­
neering of conversion systems of wind energy; 
electric generation system of variable speed; 
electric generators and devices of static con­
version; studies of cases, isolated applications 
and connected to the electric network. - Fre­
quency in which the course is offered

• regularly offered once a year

• offered when there is demand

- Person responsible for the course.

• (Selenio Rocha Whistles); title Dr. Eng.

(Professor of DEE) telephone: (31) 499­
4842 fax: (31) 499-4810 e.mail: sele- 
nio@cpdee.ufmg.br

• (Pedro Francisco Donoso Garcia)

(Professor of DELT/UFMG) telephone: (31) 
499-4842 fax: (31) 499-4810 e.mail:

4. Universidade Federal de Pernambuco - 
UFPE (Federal University of Pernambuco) De­
partment of Mechanical Engineering - Level: 
graduation masters degree extension - Con­
tent of the course: In this university a master 
of sciences course is offered on wind energy 
and the following subjects are studied: Char­
acteristics of the Wind; Advanced Wind En­
gineering; Aerodynamics; Wind Energy Con­
version Machines; Pump Systems Technology; 
Hybrid Systems Wind/Solar/Diesel; Renew­
able Energy; Special Topics in Wind Energy I; 
Special Topics in Wind Energy II. - Frequency 
in which the course is offered

• regularly offered x times a year

• offered when there is demand

- Person responsible for the course.

• (Everaldo Feitosa); PhD
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(responsible for the Test Centre of Wind Tur­
bine) telephone: (81)453-2975 fax: (81) 271­
0359 e.mail: windcenter@npd.ufpe.br

5. Universidade Federal Fluminense - UFF 
(Federal University Fluminense) Department 
of Electrical Engineering - Level: gradua­
tion masters degree extension - Content of 
the course (when possible) - Content of the 
course: Introduction to wind energy, Wind 
characteristics, Wind energy conversion sys­
tems, Economic considerations, Research on 
wind energy. - Frequency in which the course 
is offered

• regularly offered x times a year

• offered when there is demand

- Responsible for the course. (Geraldo 
Tavares); DSc. (Professor of the Electrical En­
gineering Department) telephone: (21) 620­
7070 extension 309 fax: (21) 717-4446 e.mail: 
ecowind@telecom.uff.br

Annex II Institutions where the basic 
course could be offered
1. Universidade Federal do Rio de Janeiro - 
UFRJ (Federal University of Rio de Janeiro) 
Person responsible for the course: (Gustavo 
Bodstein); title PhD (Professor of the Depart­
ment of Mechanical Engineering) telephone:

(21) 562-8406 fax: (21) 290-6626 e.mail: gus- 
tavo@serv.com.ufij.br
2. Universidade Federal do Ceara - UFC (Fed­
eral University of Ceara) Person responsible 
for the course: (Alexandre Filgueiras); title 
PhD (Professor of the Department of Electri­
cal Engineering) telephone: (85) 248-0088 fax: 
e.mail: filgueiras@secrel.com.br
3. Universidade Federal do Para - UFPA (Fed­
eral University of Para) - Person responsible 
for the course. (Joao Tavares Pinho); PhD 
(Responsible for GEDAE - Group of Energy) 
telephone: (91) 211-1977 fax: (91) 211-1299 
e.mail: jtpinho@ufpa.br
4. Universidade Federal do Rio Grande 
do Norte - UFRN (Federal University of Rio 
Grande do Norte) Person responsible for the 
course: (Zenaide Alves Arajo); title PhD (Pro­
fessor of the Department of Mechanical Engi­
neering) telephone: (84) 215-1634 fax: e.mail: 
zenaide@ct. ufrn.br
5. Universidade Federal do Rio Grande do Sul 
- UFRGS (Federal University of Rio Grande do 
Sul) Person responsible for the course: (Adri- 
ane Frisco Petiy); MSc (Professor of the Me­
chanical Engineering Department) telephone: 
(51) 316-3931 fax: (51) 216-3196 e.mail: adri- 
anep@vortex. ufrgs.br
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North-Rhine Westphalia - Your Partner in 
Research, Development, and Training in the 
Field of Renewable Energy Sources.
Karl Schultheis

Introduction
North Rhine-Westphalia is Germany’s num­

ber one energy state, accounting for 90% of 
hard coal and 50% of brown coal mining, 33% 
of generated electricity and 40% of industrial 
energy consumption.

With the “solar factory”, one of the world’s 
largest production facilities for photo-voltaic 
cells has been built here in Gelsenkirchen. 
More than a million people are employed in 
the energy sector in North Rhine-Westphalia. 
Changes in the energy supply structures 
therefore deserve acute attention. At Kyoto, 
the industrialised nations untertook to make 
contributions also to short-term reduction of 
greenhouse gases in the atmosphere. Scenar­
ios coming from various sources over the past 
years underscore the fact that, beyond those 
undertakings, it wall be possible to boost to 
50% the share of renewable energies in world­
wide energy supply, and to cut fossil energies 
back to today’s share.

I won’t omit that there are other scenar­
ios going much further. As early as ten 
years ago, the North Rhine-Westphalia Gov­
ernment started to act on those developments 
by launching a range of action programmes 
handing development, production and mar­
keting of renewable energies and energy sav­
ing schemes. Those programmes falling under 
the jurisdiction of more than one government 
department were grouped together as the so- 
called Future Energies State Initiative, provid­
ing a common platform for debate and action 
in education, science and business.

In this Initiative, the Ministry of Schools, 
Education, Science and Research is the lead­
ing agency for research, development and 
training in the field of renewable energy 
sources and energy saving. Nowhere in Eu­
rope are higher education and research fa­
cilities set as closely as in North Rhine- 
Westphalia. The state therefore has a solid

competence base when it comes to dealing 
with the wide variety and crossdisciplinary 
character of those issues. We have grouped 
together the assisted R&D activities in the So­
lar Task Force (AG Solar NRW), a research 
and technology network with currently 150 
members, among them the assisted institu­
tions.

Other institutions active in the fields de­
scribed above are free to join the network as 
well. They are invited to visit the joint stand in 
the Science Park’s foyer and receive informa­
tion about the Future Energies State Initiative 
and AG Solar.

AG Solar
Let me present AG Solar’s activities and link 

up with the issue of using sources of renew­
able energy in countries in the sun belt. AG 
Solar covers these sectors:

• photovoltaics

• thermal systems

• energy technologies for sun-belt coun­
tries

• low-energy building and solar architec­
ture

• solar chemistry and solar materials re­
search

• sustainable materials and energy man­
agement

AG Solar is turning ten next year. Since it 
was set up, the Ministry has supplied some 
110 million deutschmarks to fund 180 or so 
projects. For the results, visit the Task Force’s 
website at http://www.ag-solar.de.

Projects
Today’s issues are all related to the use 

of renewable energies in sun-belt countries.

158



Schultheis: NRW - Your Partner in Research, Development, and Training

Dr Wiesner, of TUV Rheinland, has just out­
lined the activities, funded by AG Solar, on 
modular and photovoltaic system qualifica­
tion. Release of insufficiently tested systems 
for rugged application in tropical areas is es­
sential to the development of a new technol­
ogy which has yet to be fully acknowledged. 
We therefore back the TUVs activities in the 
international standardisation bodies because 
we want to see the use of properly trialled 
high-quality methods only. At the same time, 
we do not want to see such bodies abused to 
promote individual interests of countries or 
organisations who could use standards and 
qualification requirements to hinder or alto­
gether cut off free access to markets or na­
tional and international programmes.

Under the heading, “Energy technologies 
for countries in the sun belt”, let me direct 
your attention to Aachen Polytechnic’s Solar 
Institute at Julich which is particularly active 
in that sector, maintaining a range of interna­
tional contacts and running various projects, 
including C.A.R.E., the Centre for the Appli­
cation of Renewable Energies on the Greek is­
land of Crete.

The centre is due to expand its activities to 
decentralised electricity supply, utility water 
treatment, agriculture and training. We are 
using C.A.R.E. as a presentation centre for so­
lar plants and their construction and instal­
lation. Moreover, it serves as a “bridgehead” 
for Southeastern Europe and North Africa, 
and as multiplier and clearing house for ex­
periences gathered from the construction and 
running of the hybrid facilities.

It goes without saying that solar chemistry 
and solar materials research are poised to 
provide solutions for sunny regions. Chem­
ical processes requiring the light of powerful 
lamps or heat can also be triggered or accel­
erated by light or heat from the sun.

Under the auspices of the AG Solar, we 
have set up an experimental facility at the 
German Aerospace Centre (DLR) in Cologne. 
This “sun furnace” permits 5000-times con­
centration of sunlight, and temperatures in 
excess of 2000 degrees centigrade. The sun 
furnace is used, among other things, for ma­
terials research such as stresses caused by 
rapid temperature fluctuations under atmo­
spheric conditions, aluminium recycling or 
UV testing of lacquers.

Water treatment processes are being tested 
in concave “grooved” collectors. The first 
demonstration plants will shortly be set up, 
involving specialist firms. Flatbed reactors 
are well suited for production of certain fine 
chemicals for the plastics, medicine and per­
fumes industries. We would be very much in­
terested in applying the technology in a sun- 
rich country as interested industries could 
then be practically guaranteed a positive pro­
duction result.

Let me particularly point out the huge en­
ergy savings made possible by utilising solar 
energy for the cooling of buildings. In sun- 
rich countries, it would have an extra advan­
tage to use solar-powered air conditioning, on 
account of the converging supply and demand 
figures. The question crops up on a regu­
lar basis whether it is photovoltaic or solar- 
thermal cooling that is cheaper to run. Ac­
tually, it is primarily a building’s architecture 
well suited to the local climate which makes 
additional cooling unnecessary. More specif­
ically, the use of shading, avoiding flat roofs, 
using glass, within reason and where appro­
priate, and locally tried building materials. 
There are many more options.

This goes not only for building in sun-rich 
countries but for Germany as well where of 
course more attention must be paid to aspects 
of heat insulation. Regrettably, nowadays 
sun-rich countries tend to copy the build­
ing styles of the northern industrialised coun­
tries, entailing greater needs for air condition­
ing and energy.

In the meantime, awareness is increasing 
in many sun-belt countries and efforts are 
being made to return to the advantages of 
traditional building styles. It is an exciting 
task to combine the knowledge optimised over 
generations of architects with ideas developed 
here in North Rhine-Westphalia, for example 
at Dortmund University’s “Climatically Sus­
tainable Architecture Department”, or to use 
customised software to sound out what is pos­
sible. I am sure there will be synergies en­
abling buildings to be designed with the aid of 
modern software while using existing know­
how and traditional materials for construc­
tion.

At AG Solar, we have had great success 
with simulation software tailored to the needs 
of small architect’s or engineering firms that
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cannot afford more complex programs. We 
would very much welcome some sort of coop­
eration in this field.

A case in point is a program for installing 
ground heat exchangers, pipes in the ground 
feeding outside air into the building. Due to 
the storage capability of the soil in combina­
tion with the slow rate of heat release, the 
air is precooled during the summer and pre­
heated during the winter. Conventional air­
conditioning and heating systems can there­
fore be kept smaller, dramatically reducing 
the amount of energy needed.

By using a ground heat exchanger in a 
building complex on the “Solar Campus” at 
Julich, we were able to altogether dispense 
with traditional air conditioning. Buildings 
belonging to the complex include residential 
units and university premises built accord­
ing to various energy standards. The project 
is designed to demonstrate the various op­
tions of low energy construction, solar archi­
tecture and modern heating and a/c technol­
ogy, gather experience and pass it on.

In another regard, too, the Solar Campus 
is a role model for AG Solar, by familiaris­
ing students with the requirements, overall 
conditions and the options for energy-saving 
construction. At the same time, the students 
live and work in those buildings, experiencing 
at first hand both the good points and draw­
backs. What I have just said highlights one 
of my Department’s crucial objectives, the in­
tegrated education-policy aspect of AG Solar. 
It is the end users who, through their be­
haviour, control an essential element of en­
ergy consumption. Responsible energy use 
behaviour cannot be expected without first ex­
plaining context, causes and effects. We have 
to inform about the existing potential of re­
newable energies and the rational use of en­
ergy. Students in particular are important ad­
dressees since during their career, all of them 
are bound to have to deal, in some form or

another, with the issue of energy use and its 
costs.

The transfer of know-how is crucial not 
only within a country but also across national 
borders. Which is why we are delighted that 
the Julich Solar Institute, building on their 
work in the AG Solar, has been asked by the 
Carl Duisberg Society to act as “expert” hosts 
for scientists, engineers and decision mak­
ers from developing and newly industrialising 
countries visiting Germany. Under a compre­
hensive programme involving various highly 
competent institutions, the visitors will be fa­
miliarised with the potential of renewable en­
ergy sources and the rational use of energy . 
We regard the professional and personal con­
tacts developed during the one-year visit as 
essential to succesful transfer of know-how. 
Such transfer is not a one-way street from 
North to South. In Germany, we have got to 
learn where the problems are and which over­
all conditions a solution must meet in order 
to satisfy the technological requirements and, 
above all, have the necessary credibility.

Ladies and gentlemen, It takes a free back- 
and-forth flow of information and knowledge 
to solve the crucial problem of how to rec­
oncile worldwide energy supply at reasonable 
prices with shrinking supplies of primary en­
ergies and a rapidly increasing world popula­
tion. I am here to encourage you to take your 
ideas and your queries to AG Solar and the 
Future Energies State Initiative. To find solu­
tions, we must join forces. Thank you for your 
attention.

Karl Schultheis
Ministry of Schools, Science and Research
Volklinger Str. 49
40221 Diisseldorf / Germany
Tel.: +49-211-89604
Web: http://www.mswf.nrw.de
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Global Approval Programme for Photovoltaics

Peter Varadi

Introduction

The introduction of the utilization of Renewable Energy (RE) to develop­
ing Countries is challenging. Several of the sessions in this meeting are 
addressing one or other segment of this challenge. A veiy positive as­
pect is that RE technology was sufficiently developed, but in spite of the 
developed technology, its deployment in Developing Countries is unfor­
tunately plagued with failures. This paper will focus primarily on issues 
related to Photovoltaic (PV) Systems. ...

Background
Photovoltaic (PV) components and systems 

used for terrestrial generation of electricity are 
produced in very many countries but with 
very uneven quality. The simplest PV sys­
tems consist of the PV module, which gener­
ates the electricity, battery, charge controller 
or inverter, light and also switches, wires con­
nectors. Consumers in developing and in de­
veloped countries use these systems. Unfor­
tunately there are a number of documented 
failures 1. The PV Industry will rise or fall 
based on the quality of the PV products.

The externalization of quality control is be­
coming the way of life in the industrialized 
countries. It is not the best business prac­
tice, but it is cheaper to eliminate quality con­
trol in manufacturing and let the consumer 
find out if the product works. The consumer 
can return the faulty product and it will be 
replaced. Unfortunately this option does not 
exist for PV in Developing Countries. To sell 
non-working PV products or systems to the 
poorest people on earth, where in most cases 
the product they can afford to buy provides 
only about 50 W hours per day, where the re­
turn option does not exist, is a crime.

The reasons for the failures are: •

• For many components, except for the 
module, and for installation of the sim­

plest PV systems are no international 
standards available.

• Lack of accredited PV testing labs (at 
present there are only 3, one in the USA 
and two in Europe)

• No quality assurance system existed.

Global Approval Program for PV (PV GAP)
PV systems are proven to be very reli­

able if produced with quality. The failures 
occurring especially in developing countries 
alarmed donor organizations and also the PV 
industry. To ensure the quality of PV systems, 
these stakeholders created PV GAP.

PV GAP’s Mission Statement 
PV GAP, a not-for-profit international orga­

nization, is dedicated to the sustained growth 
of global photovoltaics (PV) markets to meet 
energy needs worldwide in an environmen­
tally sound manner. Our mission is to 
promote and encourage the use of interna­
tionally accepted standards, quality manage­
ment processes and organizational training 
in the design, fabrication, installation, sales 
and service of PV systems. To this end, 
we partner with PV and related industries, 
international organizations, testing laborato­
ries, government agencies, financing institu­
tions, non-governmental organizations, and
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Figure 1: PV GAP “Quality Mark” for PV Components for PV Systems

Figure 2: PV GAP “Quality Seal" for PV Components for PV Systems

private foundations, in developing and devel­
oped countries.

The strategy of PV GAP is to

• establish a PV Quality Mark for compo­
nents and a PV Quality Seal for systems 
(Fig. 1 and 2 to facilitate easy recogni­
tion of quality PV products and to differ­
entiate them from products of unknown 
quality

• provide reciprocity globally, which 
means that PV components and systems 
having the Mark and/or Seal should be 
accepted globally and not required to be 
re-tested.

PV GAP will license suppliers of PV prod­
ucts to use the registered PV GAP Quality 
Mark for components and Quality Seal for 
systems. The Mark and/or Seal will be li­
censed1 if the produced PV components or 
systems

1. were manufactured in a quality manu­
facturing process (ISO 9000),

2. were manufactured according to inter­
national standards of the International 
Electrotechnical Commission (IEC), or, if 
not available, according to the PV GAP 
Recommended Specifications (PVRS),

3. were type-tested by a Testing Laboratory 
accredited to PV under ISO/IEC Guide 
17025 and

4. are continuously monitored by the IEC 
Quality Assurance System (IECQ).

Quality Manufacturing of PV Components and 
Systems

Today, the globally accepted system for 
a quality management of the manufacturing 
process is the ISO 9000 standard. It is generic 
and, therefore, is used in many industries. 
At present, a few PV manufacturers meet the 
ISO 9000 standard, but many do not. Of the 
latter, many simply may not know about the 
standard, but others think that the ISO 9000

'PV GAP Reference Manual; Reference number: PV GAP 01:1998
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system is too technical and expensive to be 
practical for small and medium-size compa­
nies to implement.

Recognizing that this is a valid concern 
and that the original ISO 9000 documenta­
tion was far from user-friendly, PV GAP has 
developed a Training Manual2 to spell out in 
simple terms what is required by the ISO 9000 
standard and to provide forms that PV compa­
nies can reference to easily and inexpensively 
install a quality manufacturing management 
system without having to hire an extensive 
staff.

Standards

Technical
Technical Standards: PV GAP promotes 

global utilization of the International Elec­
trotechnical Commission (IEC) PV standards. 
Where no IEC standards cover particular 
PV products or quality assurance, the PV 
GAP Technical Committee4 (which has open, 
worldwide membership) develops interim Rec­
ommended Specifications (PVRS). The PVRS 
draw on existing procedures and practices (for 
example utilizing proven National PV Stan­
dards). PV GAP submits each new PVRS for 
consideration and approval to the IEC TC 82 
Technical Committee for PV products.

Certifiable
Certifiable Standards: The difference be­

tween the Technical Standard and the Cer­
tifiable Standard (Blank Detail Specification 
- BDS) is, that the technical standard deals 
with the testing procedures, while the BDS is 
specific for each manufacturer and provides 
information about the structural equivalency 
of product, so only one type has to be tested 
and also details the need when the product 
has to be re-tested.

Testing Laboratories and Reciprocity
PV GAP relies on IECQ-accredited PV 

product-testing laboratories, which are ISO 
Guide 17025 approved. The importance that 
an accredited Testing Laboratory should do 
the test is that this provides global reciprocity, 
which means that the products will be ac­

cepted in all of the countries and have not 
to be re-tested, This reduces the cost of the 
products. A list of such laboratories is avail­
able from PV GAP’s Web site (www.pvgap.org).

Continuos auditing and surveillance 
The purpose of auditing and surveillance 

is to encourage and ensure the adherence to 
the standards. This system is used in many 
industries and it was decided that PV GAP 
should not invent a new approval system, but 
use an existing internationally accepted ap­
proval process. The International Electrotech­
nical Commission Quality Assessment Sys­
tem for Electronic Components (IECQ) was se­
lected because:

• IECQ is a well-established and globally 
accepted approval program

• The IECQ system is relatively simple.

• The IECQ system assures reciprocity: 
this means that a product manufactured 
and tested in one country or area need 
not be re-tested in another country or re­
gion

• It is an inexpensive system and will not 
burden the PV industry unduly.

The IECQ system is based on many “su­
pervising inspectorates” (Sis) located all over 
the world. The supervising inspectorates are 
the organizations responsible for surveillance 
that the manufacturer’s ISO 9000 certifica­
tion is valid, that the test was successfully 
conducted in an accredited Testing Labora­
tory and that the stipulations of the BDS are 
correctly and timely maintained.

Using a uniform criteria the Sis are ap­
proved by IECQ’s “Inspectorate Co-ordination 
Committee”. This assures unified rules and 
standards and, most importantly, reciprocity 
within the system.

The elements of the PV GAP approval pro­
cess is shown on Fig. 3

International Cooperation 
Members of the PV GAP Executive and Ad­

visory Boards represent national and regional
2Quality Management in Photovoltaics - Manufacturing Quality Control Training Manual. Prepared for the World Bank 

by PV GAP (PV GAP - February 2000: Reference Number QM 1.0)PV GAP Reference Manual; Reference number: PV GAP 
01:1998
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ELEMENTS OF THE GLOBAL APPROVAL PROGRAM FOR 
PV(PVGAP)

MANUFACTURING

PV PRODUCTS 
TESTED 

bV
fiPPROHED 

TESTING LAB. 
ISMEC GnidtK

Figure 3: PV GAP approval process

solar energy industry associations and test­
ing laboratories, multilateral funding orga­
nizations, international energy organizations 
and the IECQ. The Executive and Advisory 
Boards of PV GAP also include PV experts 
from industry and government organizations 
in industrialized and developing countries. PV 
GAP has its headquarters in Geneva, Switzer­
land, as does the IEC. The procedures of PV 
GAP are aligned with those of the IEC/IECQ.

Stakeholder Benefits

End users
End users, purchasing PV products with 

the PV GAP Quality Mark and Seal, are 
assured that products have been designed, 
tested, produced and approved according 
to internationally-accepted IEC standards or 
PVRS and are subject to on-going product- 
quality auditing under the IECQ.

Suppliers
Suppliers, using the PV GAP Quality 

Mark/Seal, “level the playing field" by induc­

ing marginal suppliers to bring their prod­
ucts in line with one set of performance stan­
dards. Reciprocity arrangements, within a 
worldwide network of accredited testing lab­
oratories, eliminate the delays and costs in­
volved in multiple testing of PV products in 
national markets.

Governments
Governments or large-scale developers of na­

tional infrastructure, can specify the PV GAP 
Quality Mark/Seal when issuing tenders for 
PV products with local or imported content to 
assure uniform product performance.

Financial Institutions
Banks, multilateral lenders and foundations 

that finance PV products with the PV GAP 
Quality Mark/Seal can rely on the technical 
quality of such products.

Dr. Peter F. Varadi 
Geneva, Switzerland
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PV GAP Secretariat, c/o IEC Central Office 
3, rue de Varembe 
PO Box 131
CH-1211 Geneva 20 / Switzerland 
Tel: +41 22 919 10 16

Fax: +41 22 919 03 00 
E-mail: rk@iec.ch 
Web: www.pvgap.org
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50 Solar Energy Estates in North 
Rhine-Westphalia
Dagmar Everding
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Solar Energy Estates in North-Rhine West­
phalia

In North Rhine Westphalia, almost 18 mil­
lion people live in an area of 34.000 square 
kilometres. North Rhine Westphalia is known 
for its industrial regions with coal mines and 
steel works. Since fourty years there is an in- 
tensitive structural changing. In the mean­
time sings change can clearly be seen in the 
cities: technologic centres, solar production, 
big solar powers, low energy housings and so­
lar architecture.

In 1997, four minstries (Economics, Ur­
ban Development, Research and Construc­
tion) together jointly launched the campaign 
for the construction of 50 solar energy estates 
in Northrhine Westphalia. For this ambitious 
project, the state initiative “Future Energies” 
established an office in the Ministry for Con­
struction and Housing to take care of the ap­
plicants.

The four ministries campaign formulates 
specific requirements for the construction of 
solar energy estates:

• Passive solar construction.

60% of the energy consumption specified un­
der the 1995 thermal isolation regulation is to 
be saved: At present houses need 10 litres of 
oil for one square metre in the year.

• Production of hot water.

Solar energy has to contribute at least 60% of 
the energy required.

• Consumption of electricity.

At least 1/3 of the average annual electricity 
needs are to be covered by solar energy.

At least two of the requirements are to be 
fulfilled in order to obtain the status of a “So­
lar Energy Eststate in Planning.

In addition, a planning manual places fur­
ther requirements to integrate the estate into

a comprehensive concept. Among other things 
this relates to:

• the integration of the estate in a location 
utility service,

• ecological requirements, such as the use 
of appropriate building materials,

• traffic requirements, such as links with 
the local public transport system.

A commission of experts examinates the pro­
posals of the cities wishing to take part. The 
cities look for areas, optimize urban planning 
for solar energy use and define the energy con­
cept of the housing projects. Urban planning 
is optimized by a special software, which is 
made available to city administrations by the 
ministry for urban development

Until now 15 estates were awarded the sta­
tus ’’Solar Estate in Planning". Two solar es­
tates have just been completed: Steinfurt und 
Gelsenkirchen-Bismarck. Further estates are 
already under construction.

Solar estate Steinfurt
To be erected in the Borghorst quarter of 

the town of Steinfurt is the first solar hous­
ing development with centralized solar hot wa­
ter supply. In conjunction with an under­
ground thermal storage unit (using gravel and 
water) about 45% of heating and hot water 
demand is covered by harvesting the suns 
energy. Features of this development: 48 
housing units, energy-conserving, passive so­
lar construction, centralized solar collection 
heating system, 550m of collector area, long­
term heat storage unit.

Solar estate Gelsenkirchen 
The first housing development in the Ruhr 

Region to fully exploit solar potential is com­
ing into being in the bismarck quarter of 
Gelsenkirchen. Both masonry and frame 
homes will be built. In addition to au­
tonomous, house-by-house energy supplies,
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energy transfer points at terminal stations will 
also be used for groups of homes. Features of 
the development: 72 housing units, annual 
hesting requirements 40 to 60% below speci­
fications in the Thermal Isolation Code, solar 
collection covers 65% of warm water demand 
(440 m of solar collectors), photovoltaic units 
cover 40% of power demand; installed output: 
88 kWp, installation of gas lines for cooking 
purposes, rainwater percolation.

Results and conclusions
The project ”50 Solar Energy Housing Es­

tates” is also a big process of learning. Plan­
ning and realizing the first estates we will get 
much new knowledge, which we want to use 
in the following projects:

1. Solar urban planning must not concen­
trate in positioning houses toward the 
south. On one hand attractive urban 
spaces need flexibly positioned houses. 
On the other hand deviations from orien­
tation to the south makes solar houses 
very expensive. Solar urban planning 
has to find out the optimized figures for 
urban designing and eficient solar solu­
tions

2. The selling-prices of the houses are not 
higher than usual. That is possibel, be­
cause the ministries give subventions for 
planning and investment. Houses with 
traditional architecture are quite suc­
cessful in the market, wooden houses or 
houses with modern design have more 
difficulties to be sold, especially in the 
old industrial regions. The buyers will 
save energy costs on a large scale if 
they use the solar houses in a right 
way. However, in Germany heating is 
not expensive, therefore people are not 
very motivated to save energy. The new 
tax for energy consumption will increase 
the price step by step. In contrast, 
the deregulation of the electricity mar­
ket will cause a significant fall of elec­
tricity prices. The new special reguation 
for electricity produced by solar energy 
is very important. Every owner of so­
lar pannels receives 99 DM for one KW

electric power fed into the public electric­
ity supply. We are optimistic in getting 
even better conditions for better condi­
tions for solar estates. Concerning this 
question we have to look for partner­
ship in Europe. In its ’’White Paper for 
a Community Strategy ans action Plan, 
Energy for the future: renewable Sources 
of Energy”, the European Commission 
has formulated the "ambitious but real­
istic objective” of doubling the propor­
tion of renewable energies by the year 
2010 from 6 to 12%. Since march 2000 
the project ”50 Solar Energy Housing Es­
tates” in North Rhine- Westphalia is part 
of the European ’Campaign for Take­
Off’.

3. The first solar energy estates confirm the 
important part of cities and their local 
administation. Local authorities have to 
identify with solar projects and it is nec­
essary,that in the local administration 
the diffrent competences work together.

4. Today solar energy estates are isles in 
the cities. The question is, how solar 
estates ans other solar projects can be 
weaved in a spiders web. I see two ways:

• to build up a local network of all per­
sons, groups and associations, who 
take part in solar projects, for em­
powerment of the actors, and at the 
same time,

• to develop local aims and indicators 
for spreading use of solar energy.

The solar City project of the International En­
ergy Agency is a good help on this way.

Dr. Dagmar Everding
Ministry for Housing and Building
Elisabethstr. 5-11
D-40217 Dtisseldorf
Germany
Tel. +49-211-3843-311 
Fax +49-211-3843 - 601 
E-Mail: dagmar.everding@mbw.nrw.de 
Web: www.mbw.nrw.de
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How important is energy for development?

At present, two billion people world-wide 
have no access to commercial energy supplies. 
In the poorest developing countries, people 
meet their energy needs by using firewood 
and other biomass. It is mostly women and 
children who have to walk for often hours to 
gather enough fuel to meet their basic needs. 
This not only limits their potential for eco­
nomic development but also damages their 
health and, due to the enormous amount of 
time required, makes it difficult for them to 
gain access to information and education.

Energy is not only required for cooking 
and heating but is of great importance to eco­
nomic development. In the newly industrial­
ising countries, with their high degree of eco­
nomic growth, energy deficiencies have often 
proved to be an obstacle to economic devel­
opment and have forced these countries into 
second place behind the industrialised coun­
tries in the process of globalisation. Energy 
is, at the same time, both a factor of produc­
tion and a branch of industry. Without energy 
as a production factor, economic development 
and the maintenance of a society’s physical 
and social infrastructure would be inconceiv­
able. As a branch of industry, energy supply 
contributes to an economy’s added value, pro­
vides or creates jobs and is closely linked to all 
other sectors. Past and present experience in 
the industrialised countries has clearly shown 
that the availability of energy is a vital prereq­
uisite for the development and prosperity of 
a society. Just how vital it is for an indus­
trialised nation to have a constant supply of 
sufficient quantities of energy has been illus­
trated by the energy problems currently be­
ing experienced in California, where past mis­
takes in energy policy have resulted in inter­
mittent power cuts of hours at a time, to the 
considerable detriment of the economy.

World energy supplies are based mainly on 
primary fuels such as coal and oil. According

to the World Energy Assessment 1 published 
in 2000, the demand for primary energy will, 
at best, increase by some 50% over the next 
50 years and, at worst, by some 150% (cf. fig­
ure 1).

This can be attributed primarily to the 
sharp growth in the population and to the 
developing countries’ need to make up lost 
ground in economic development. According 
to the Population Division of the UN Depart­
ment of Economic and Social Affairs, the best 
case scenario is for the global population to 
have grown by 2050 by somewhere between 
1 and 2 billion people, most of them in the 
developing countries, which are already home 
to around 80% of the world’s population. The 
declared aim of the industrialised countries is 
to support the developing countries in their ef­
forts to achieve stable economic growth in the 
framework of sustainable development. If a 
positive impact, or even only partial success, 
is achieved, the result will be an increasing 
demand for energy to maintain the new struc­
tures and the improved living standards cre­
ated.

In the short term, it is unlikely that re­
newable energies will play a significant part 
in meeting the rising energy requirements of 
the developing countries, the main reason be­
ing that renewable energies are in many coun­
tries competing with conventional energy sup­
ply systems, which are capable of generating 
a large, and generally very reliable, supply 
of energy. What is more, these conventional 
technologies are often subsidised (e.g. coal), 
and external costs are not, as a rule, inter­
nalised. In many cases the prices charged do 
not even cover costs and the true price is ob­
scured. Furthermore, experts agree that sup­
plies of fossil fuels will last until the end of 
the 21st century and beyond. Given this sit­
uation, it is likely that many developing and 
newly industrialised countries will initially opt 
for conventional energy systems to meet their 
rapidly growing energy requirements.

We can therefore assume that, for decades
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FIGURE 9.3 GLOBAL PRIMARY ENERGY REQUIREMENTS, 1850-1990, AND IN THREE CASES, 1990-2100
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Figure 1: Historical and projected world energy requirements. Source: World Energy Assess­
ment, 2000

to come, fossil fuels will play the greatest role 
in global energy supply.

The use of fossil fuels, however, causes lo­
cal and global pollution, which compromises 
health and the quality of life and, in the long 
term, poses a threat to the ecological balance. 
The World Energy Council estimates that by 
2050 global emissions of the greenhouse gas 
C02 will be double 1990 levels and that this 
increase will virtually all be due to growth 
in the developing countries. Whilst in 1990 
developing countries accounted for less than 
30% of world-wide C02 emissions, by 2050 
this figure is likely to have risen to around 
60%. According to a report recently pub­
lished by the Intergovernmental Panel on Cli­
mate Change (IPCC), scientific evidence sug­
gests that by 2100 the Earth’s average tem­
perature could rise by up to 5.8C and the 
sea level by up to 88 cm. These figures have 
been greatly revised upwards since the last re­

port. The number of people dependent on the 
non-sustainable use of traditional fuels such 
as wood and other biomass is two billion and 
growing; in some regions of the Earth, this will 
increase the pressure on ecosystems as a re­
sult of deforestation and erosion.

In October 2000, the German government 
approved a climate protection programme 
that the government hopes will prompt a re­
duction in the greenhouse gas C02 by be­
tween 50 and 70 million tonnes by 2005. The 
aim is to help achieve the targets defined in 
the Kyoto Protocol on protecting the Earth’s 
atmosphere, which was agreed in 1997 and to 
which the Federal Republic of Germany also 
committed itself.

What are the implications for German de­
velopment co-operation?

Given the great importance of an adequate 
energy supply as a prerequisite for develop­
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ment, the Federal Ministry for Economic Co­
operation and Development (BMZ) is therefore 
also concerned with the question of how to 
achieve economic growth that is at the same 
time environmentally sustainable. Within de­
velopment co-operation, great importance is 
therefore attached to establishing a general 
framework and structures in developing coun­
tries that will give the people living there 
the opportunity for sustainable development. 
With this aim in mind, great efforts are being 
made to deliver an efficient supply of energy 
through conventional energy supply systems, 
to make rational use of energy supplies and 
to disseminate renewable energies. In identi­
fying these activities as a priority area of Ger­
man development co-operation, the main aim 
is to improve living standards by meeting ba­
sic energy needs, to alleviate poverty, to en­
hance developing countries’ technological ca­
pacities in the energy sector, to reduce their 
dependence on energy imports and to support 
them in implementing the decisions made at 
the UN Conference on Environment and De­
velopment, especially the Framework Conven­
tion on Climate Change.

What role do renewable energies play in 
German development co-operation?

It is undisputed that, within a few decades, 
renewable forms of energies will be playing a 
major role in world-wide energy supply. Com­
bining efficient use of traditional and renew­
able energies, such as biomass, solar power, 
wind, hydropower and geothermal energy, is 
becoming increasingly important in sustain­
able development. The World Energy Assess­
ment concludes that, in a best case scenario 
for renewable energies, they would in 2100 ac­
count for between 70 and 80% of primary en­
ergy consumption (cf. figure 2).

There is an enormous pool of renewable 
energy immediately available for commercial 
use: untapped energy flows from renewable 
energy sources are far in excess of current 
world-wide energy consumption.

Yet if a sustainable supply of energy is to 
be established, clear parameters must be set, 
backed up by clearly focused sectoral poli­
cies dealing with such issues as efficient en­
ergy use, the application of environmentally- 
friendly energy technologies and the improve­
ment of rural energy supply. These are the

prerequisites for sustainability in the energy 
sector. With the global trend towards sector 
reforms and liberalisation, the role of the state 
has also changed in many developing coun­
tries. In an increasing number of countries, 
the state is no longer directly involved in the 
supply of energy but is, instead, responsible 
for creating a transparent framework. Many 
countries are still in the midst of this process 
of reform. This presents new challenges to 
the management capabilities of the state and 
its capacity to develop regulatory mechanisms 
that are in conformity with the market.

In view of this, German development co­
operation advises the responsible government 
institutions in the partner countries on how 
to define their role and become more effective 
and efficient in performing their official du­
ties, such as formulating policies and strate­
gies, legislating, providing information, co­
ordinating the sector and supervising and 
monitoring activities within it. Key tasks 
are the creation of a level playing field, im­
provements in the investment climate for the 
private sector and the introduction of cost­
covering tariffs. In addition to the support 
provided at national level, advice is also given 
to international institutions on matters of re­
gional integration, harmonisation of legisla­
tion and the identification of transnational 
projects.

Development co-operation is at the inter­
face between energy policy and climate pol­
icy. One aim in this sector is therefore to 
promote the use of renewable energy instal­
lations connected to the grid, thus reducing 
the amount of C02 emitted through electric­
ity generation. Both in Europe and, in par­
ticular, in the developing countries, there is 
enormous untapped potential for renewable 
energy installations connected to the grid. To­
day, renewable energies account for around 
20% of the electricity generated world-wide; 
hydropower is at the fore, contributing around 
19%. Indeed in some regions, such as Latin 
America, that share is a good deal higher. 
Over the next few years, increased use of 
wind power above all that will make an en­
vironmentally friendly and cost-efficient con­
tribution to electricity generation and a re­
duction in greenhouse gases. However, solar 
thermal, geothermal and biomass-fired power 
plants are also sustainable options and are
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Figure 2: Energy usage by product. Source: World Energy Assessment, 2000

being promoted through German development 
co-operation. In 2000 alone, the BMZ has 
invested DM 200 million in renewable ener­
gies. Various development co-operation pro­
grammes exist at bilateral and multilateral 
level to support the identification, analysis, 
financing and implementation of projects of 
this kind.

The negative impact on environment and 
society of large dam-building projects has, 
over tiie last few years, increasingly resulted 
in a stand-off between investors and the peo­
ple affected. The federal German govern­
ment therefore supported the World Commis­
sion on Dams in its efforts to reach a con­
sensus on evaluation criteria to prevent con­
flicts, avoid any negative impact on society 
and the climate and create a reliable cli­
mate for decision-making on hydropower use. 
The report’s recommendations will be taken 
as guidelines for German development co­
operation’s support of hydropower projects.

The energy sector is not only of great rel­
evance for climate policy, it is also plays an 
important role in poverty alleviation. The de­
velopment of rural energy supply, in combina­

tion with other infrastructural measures such 
as water supply and transport links, plays a 
large part in improving the quality of life, se­
curing the production base of the rural pop­
ulation and thus alleviating poverty. This 
makes the energy sector an integral part of 
poverty reduction strategies. Rural areas in 
the developing countries are usually far away 
from the energy grid and have decentralised 
supply structures. This makes them particu­
larly suitable candidates for the use of renew­
able energy technologies, since these are often 
not only the sole option or the most environ­
mentally friendly but also the cheapest.

Over the past few decades, a great many 
technologies, strategies for disseminating re­
newable energies and instruments for their 
promotion have been tested. The focus of 
development co-operation has therefore now 
shifted from demonstration programmes to 
broad-impact dissemination programmes. A 
major factor determining how economically 
sustainable these dissemination initiatives 
are is a high degree of conformity with mar­
ket trends. For this to be achieved, it is vital 
for the local and international supply industry
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to be involved. Important programme compo­
nents include securing the programme’s place 
within energy policy, legislation and the taxa­
tion and customs regime; quality standards 
and quality control; establishment of financ­
ing mechanisms; training measures; public 
relations work; and, in financial co-operation, 
involvement in financing investment schemes. 
The following technologies in particular have 
proved their worth: small hydropower plants 
for small-scale grids, units for the efficient 
use or substitution of biomass, particularly 
for cooking, and installations for photovoltaic 
electricity generation (battery charging units 
and solar home systems for supplying indi­
vidual households; electricity supply to facili­
ties in the social infrastructure, such as rural 
health posts, schools, communication facili­
ties; photovoltaic pumps for obtaining drink­
ing water and small-scale irrigation).

If renewable forms of energy are to be pop­
ularised, a great deal of commitment and in­
vestment of capital is required. These chal­
lenges can clearly no longer be met by the 
state alone. German policy, therefore, is to in­
volve other global players, such as grass-roots 
groups, international non-governmental or­
ganisations and also large and medium-sized

companies, in development work and to ap­
peal to them to shoulder their increased re­
sponsibility for building a sustainable world. 
It is therefore important to strengthen col­
laboration between official development co­
operation and private enterprise. The BMZ 
thus promotes development partnerships with 
business so as both to enhance the effective­
ness of development policy work and to pro­
vide support to the businesses in their in­
volvement in the developing countries. The 
field of renewable energies is one that of­
fers particularly good opportunities for co­
operation; these should be seized for the ben­
efit of the people in the developing countries 
and for the sake of the global climate.
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